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INTRODUCTION 

Two types of natural treeless areas have been 
recognized in the southern Appalachian Mountain 
region, on the basis of their vegetation, and the term 
“bald”, applied to both types by the local inhabitants, 
has also been adopted in scientific writing. The term 
has been applied to similar phenomena in other re- 
gions (Billings & Mark 1957), and it thus becomes 
Necessary to define the term “bald” as applying to 
vegetation. A bald is an area of naturally-occurring 
treeless vegetation located on a well-drained site below 
the climatic treeline in a predominantly forested re- 
gion. 

Only one of the two types of balds in the region, 
the grass balds, was investigated in the present study. 
The heath balds, which are dominated by woody 
ericaceous species, were studied by Cain (1930). The 
grass balds are dominated by herbaceous vegetation, 
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LITERATURE CITED 
predominantly grasses, and characteristieally by the 
mountain oat grass (Danthonia compressa”). Inter- 
mediate types of balds, part herbaceous and part 
heath, occur rarely. 

Although the grass balds have been the subject of 
considerable research, discussion, and speculation, no 
generally accepted explanation has yet been proposed 
for their occurrence. 

The research was conducted in two phases; an ex- 
tensive survey of the grass balds throughout their 
entire range during the summer of 1956, followed by 
an intensive study of a single bald for a 1-year 
period. 

The objectives of the investigation were to deter- 
mine the relationship of the balds® to altitude, topog- 
raphy, aspect, and to the distribution of the major 
forest types in the region; to describe the vegeta- 

? Nomenclature foliows Gray’s Manual of Botany, 8th edition 
(Fernald 1950),.'except for the mosses which follow Grout’s 
checklist (Grout 1940). 


% Unless otherwise stated, grass balds will be referred to 
throughont simply as balds. 
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tional composition of a representative sample of the 
balds and the forests surrounding them, to compare 
diameter growth rates of certain tree species in the 
vicinity of the balds with those of the same species 
in other areas; to determine the soil characteristics, 
both physical and chemical, of the balds and the adja- 
cent forests; to ascertain the effects of grazing, and in 
some eases of the recent cessation of grazing, on the 
_ vegetation of a number of balds and the surrounding 
forests; to study the microenvironments on a bald 
during different seasons of the year, and to compare 
the environments of a bald with those of adjacent 
forested and cleared areas; to determine the ecologi- 
cal status of the bald community through a study of 
vegetational succession, coupled with tree seeding and 
seedling experiments; to critically review, in the light 
of findings in this study, the theories previously pro- 
posed to explain the balds; and finally to present 
probable explanations for origin, maintenance, and 
extension of the anomalous grassland vegetation of 
the balds. 

Grateful acknowledgment is extended to Dr. 
W. D. Billings for his assistance throughout the 
study. Acknowledgment is also made of two Grants- 
in-Aid from the National Science Foundation adminis- 
tered through the Highlands Biological Station, a 
research grant from the North Carolina Academy of 
Science, and a travel grant from the National Science 
“Foundation (NSF-G-3834). Dr. H. L. Blomquist 
‘assisted with plant identifications; Dr. J. R. Bailey 
‘identified rodents; Mrs. D. M. Brown made available 
.the field notes of the late Dr. D. M. Brown; the 
North Carolina Department of Agriculture, Soils 
Testing Division made chemical analyses of the soils; 
Dr. R. J. MeCracken assisted in interpreting the soil 
‘chemical analysis data; Dr. H. E. Young supplied 
‘young plants of beech from New England; Messrs. 
‘A. Stupka and V. C. Gilbert, Jr., provided historical 
information on the Smoky Mountains; officers of the 
Pisgah National Forest permitted experimentation on 
‘Roan Mountain; many of the local residents gave their 
co-operation, assistance, and historical information; 
and my wife, Patricia, assisted with the intensive 
studies on Roan Mountain, and the preparation of the 
manuscript. 

THE REGION 

The southern Appalachian Mountain region, also 
called the southern section of the Blue Ridge Province 
(Fenneman 1938), covers an area exceeding 10,000 sq. 
mi. in southern Virginia, western North Carolina, east- 
ern Tennessee, and northern Georgia, between 34°- 
37°N latitude and 80°-85°W longitude. The region 
consists of two main chains of mountains, both of 
which extend in a northeast—southwest direction. 
These chains are the Blue Ridge on the southeastern 
boundary of the region and the Unaka Mountains 
forming the northwestern boundary. The two systems 
merge in southern Virginia, but diverge southward to 
a@ maximum breadth of 70 mi. The belt between them 
consists of a number of high, relatively flat-floored 
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basins, separated by transverse chains of mountains, 
some no lower than the boundary ranges which they 
connect like the rungs of a ladder, e.g., Black Moun- 
tains, Balsam Ranges. These intervening basins are 
drained by rivers which flow northwestward from the 
Blue Ridge and pass through the Unaka Mountains jn 
notches 2,000 to 4,000 ft deep. The region contains 
the highest mountains in eastern North America. 
There are about 750 sq. mi. with elevations between 
4,000 and 5,000 ft, 170 sq. mi. exceed 5,000 ft, while 
about 45 peaks exceed 6,000 ft in elevation. 


TOPOGRAPHY 

Fenneman (1938), describing the topography of 
the region, states that “in general the mountains of 
this section may be classed as subdued, that word 
being used technically to designate a stage in the 
[erosion] cycle when height and steepness are so 
far lost that a mantle of decayed rock is general.” 
Precipitous slopes on bare rock are generally con- 
fined to recently deepened gorges. Summits are usual- 
lv rounded and the higher slopes are less steep than 
the valley sides. Thus, domes abound but typical 
peaks are few. 


GEOLOGY 


The geology of the region was extensively studied 
and described during the latter part of the 19th cen- 
tury and the early 20th century by Keith in many 
U. S. Geological Survey publications (see references 
in Rodgers, 1953), and also by Safford (1869). Only 
parts of the region have been described since these 
early works, the most extensive study being that of 
Rodgers (1953) on the geology of East Tennessee. 
The extreme complexity of the region geologically, 
is due chiefly to a complicated system of faulting, 
folding, and overthrusting. There is a great variety 
of surface rock types, chiefly metamorphic, the most 
widespread type being a pre-Cambrian crystalline 
complex of granites and gneisses with inclusions of 
mica and hornblende schist. There are extensive areas 
of graywacke conglomerate toward the southern end 
of the Unaka Mountains (Smoky Mountains area). 
Other surface rock types which overlie the former two 
in various parts of the region include sedimentary 
rocks (shale, graywacke, conglomerate, siltstone, ar- 
kose, sandstone), igneous, and metamorphic (slate, 
quartzite). It is apparent from the geological maps 
and also from field observations, that there is no corre- 
lation between distribution of balds and of certain 
rock types. This was also the conelusion of Fenne- 
man (1938: 174). 


SoILs 
Because of the relatively cool climate of the re- 
gion, the soils simulate the grey-brown podzolic 
great soil group, according to Lee (1955). The high- 
est mountains are considered by Lee to have a climate 
sufficiently cool to result in the formation of podzol 
soils, but steepness of slopes has precluded this proc 
ess except in a few small areas. 
Two main soil associations have been recognized 
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Comparative climatological data for Asheville, 2,203 feet (A); 
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Banner Elk, 3,710 feet (B); and 
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TABLE 1. 
Mount Mitchell, 6,635 feet (M) weather bureau stations for a 26-year period (1931-1956). 
MEAN TEMPERATURES (“F) 
Month Daily Daily 
Maximum Mir imum Daily Mean 
ALB RCer BI BTA BR i LEM 
ae 49 5/43 3/36 .0/30.8/23 .6}20.7/40.2/34.7)28.4 
ae 50.7/44.3/35.6)/30.7/24.5]19.3/40.9/35.2/27.4 
ee 57 .8/51.5/40.4/36.0/29. 4/23. 2/46.9]/40.9/31.¢ 
Apr. .167 .4|60.9/49. 4/44. 2/36.3/31.6]55.8)/48.9/40.5 
May 763/68. 2/58. 2/52.4/43 .8/40.7/64.4/56.9/49.6 
Jure 83 .2/74.4/65.1/60.3/51.0/48.9]71.8/64.0)/57.0 
BR eee ccs 85.1/76.9/66.8§/63.7/54.9/51.7|74.4/66.8/59.3 
eee 80.9/76.5/65.9/62.9/54.0/51.1/73.4/65.8)/58.5 
ee ee 78.9|72.3/62.2/56. 6/48. 8/46. 4/67 .7/60.7/54.3 
MB ioc saa 69.7|62.9)54.6/45. 7/38. 2/37 .5|57.7/51.7/46.1 
Nov.. .|57.3}51.6/42.9/35.3/28 . 8/26. 5/46. 3/40.5134.8 
Dee.. -|49.9]44. 2/37 .C]30. 5/24. 1/21. 8/40. 2/35.0/29.4 
RUNES 5 's-s.cineen 67 .5/60.6/51 . 1/45. 8/38 .3/35.0)56. 7/50. 1/43.2 






































Total below 
A|B|M|a|BiM|a B/M|A|B|M 
3.17| 3.97] 4.96] 2.4| 8.8|10.6| 11] 11] 12| 18} 22] 25 
3.05] 3.95] 5.38] 3.1] 8.7/12.6| 11] 10) 12] 16) 22] 25 

1 3.85! 4.721 6.73] 2.4] 8.5/14.9| 13] 11] 13] 12] 20) 24 
2.97| 4.12] 5.38] 0.3] 1.1/3.8) 10! 10) 11/ 3] 12) 14 
2.73| 4.03] 4.94] 0.0] 0.0] 0.6) 11) 10; 12) o| 2] 5 
3.59] 4.51| 5.40] 0.0] 0.0/ 0.0/ 12] 101 13] O| O| Oo 
4.53] 6.21| 7.94] 0.0] 0.0] 0.0| 15] 12) 161 O| O| O 
3.68] 5.37| 8.32/ 0.0] 0.0] 0.0; 12} 10 15] 0, 0 0 
2.56| 3.65| 5.89] 0.0] 0.0] 0.0/8} 6; 10} O| 1) 1 
2.3€| 3.32] 5.921 0.01 0.9| 0.4, 7} 6] 9| 2] 10o| 8 
2.16] 3.77| 5.12 0.4 2.1] 4.1} 8} 8 10] 13| 20) 19 
2.96] 3.80] 5.81] 2.2) 6.4/12.5| 10] 11] 11] 19) 24) 25 
37 .63]51.23/72.03]10.9/38.5/59.8} 128] 117] 145] 83| 134] 147 

| 





























*Days with 0.01 inches or more precipitation, 


and described for the region. These are the Porters- 
Ashe and the Stony Rough Land Associations. A 
brief description of each has been abstracted from 
Lee’s text. 

Porters-Ashe Association. This is the most wide- 
spread and extensive association throughout the moun- 
tain region. It oceurs on hilly to steep slopes. The 
soil parent material is mainly acid crystalline rock 
such as granite, low-mica gneiss, and schist. The soils 
are characterized by brown, yellowish-brown, or red- 
dish-brown friable clay loam to moderately firm clay 
subsoils that seldom exceed a thickness of 18 to 24 
in., and dark brown, brown, or gray-brown loam and 
sandy loam surface soils; it is moderately stony in 
many places, very stony in a few places. Nineteen 
soil series are included within this association. 

Stony Rough Land Association. This type is 
seattered throughout the entire region in small to 
large tracts. It occurs on steep, rugged, broken, and 
very stony land. The parent material can include any 
of the rock types of the region. Geological erosion in 
most places has almost or altogether kept pace with 
soil formation and few areas have as much as 12 to 
24 in. of accumulated soil. This association is sub- 
divided on the basis of “soil materials.” 

The distribution and characteristics of the soil 
types occurring on the balds and adjacent forest 
vegetation will be discussed in detail later. 


CLIMATE 
Distinctive climatic features of the highlands of 
Mall and snowfall, higher wind velocities, and a greater \ 
the region include lower temperatures, higher rain-z 
intensity of solar radiation than in the surrounding 
Piedmont areas at about 1,000 ft elevation. To 
characterize the macroclimatic conditions of the region, 
summarized climatic data from three of the oldest 
weather stations, Asheville, Banner Elk, and Mount 
Mitchell, all in North Carolina, have been presented 





for a 26-yr period (Table 1). This is the longest 
period for which data from all 3 stations were avail- 
able. However, a comparison of the Asheville 26-yr 
means with 54-yr means for the same station, shows 
only small differences. A comparison of the data 
for these stations, which vary in elevation by more 
than 4,400 ft, indicates the extent to which macro- 
climatie conditions differ with altitude. The Asheville 
station (35°36’N and 82°32’W) has an elevation of 
2,203 ft, the Banner Elk station (36°10’N and 81°- 
53’W) is at 3,710 ft, and the Mount Mitchell station 
(35°46’N and 82°16’W) is at 6,635 ft. The Asheville 
and Banner Elk stations are both located within hard- 
wood forest, but below the zone of northern hard- 
wood forest. The Mount Mitchell station is located 
within the zone of subalpine coniferous forest. 

Precipitation. There are three general sources of 
precipitation in the region. These include cyclonic 
disturbances, characteristic of the winter season, which 
originate west of the Mississippi River or along the 
Gulf Coast and travel in a general northeasterly 
direction. A second source is the summer and autumn 
season (June-November) hurricanes which originate 
in the Caribbean Sea or Atlantic Ocean and travel 
toward the north or west with resulting high precipi- 
tation over most of the region. Others pass north- 
ward along the Atlantic coast, but their accompany- 
ing precipitation extends westward to the eastern 
section of the region. The third source is the almost 
daily summer thunderstorms resulting from convec- 
tion and adiabatie cooling of the moist warm air 
which moves in from the Gulf of Mexico. Rainfall 
of this type accounts for a considerable proportion of 
the precipitation in the region. 

Precipitation is fairly uniformly distributed 
throughout the year at all stations, but with a slight 
maximum during the warm season (May-October), 
and especially during the summer. There is a slight 
minimum during the autumn (September-November). 
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A similar pattern is shown with the number of rainy 
days. Differences in these with altitude tend to be 
slight, except during late summer and autumn (July- 
October) when the high altitude areas have up to 4 
more rainy days per month than low to medium 
altitude areas. 

An intensive study of precipitation in the region 
has been conducted during the past 24 yrs by the 
Tennessee Valley Authority, and a number of their 
publications have dealt with the relationships of 
precipitation to altitude. One of the earliest of these 
(Donley & Mitchell 1939) led Daubenmire (1954) to 
suggest that the balds may be causally related to a 
zone of reduced precipitation. Donley & Mitchell, 
considering average annual precipitation values for a 
3-yr period from 73 stations in the region, found that, 
with the exception of 5 stations, they could be ar- 
ranged on the basis of precipitation-altitude relation- 
ships into 4 “natural zones’, based on topography 
and direction of moisture travel. Zone I, located on 
the southern and southwestern edge of the region, with 
an altitudinal range of 2,500 to 3,800 ft, shows 
the greatest increase in precipitation with altitude 
(approximately 17.5 in. per 1,000 ft). Zone II 
forms a band about 10 mi. in width to the north 
and northwest of zone I and has an altitudinal 
range of 2,500 to 5,000 ft. The increase in precipita- 
tion with altitude in this zone is less than that in 
zone I (approximately 14.5 in. per 1,000 ft). Zone 
III covers the southern portion of the Unaka Moun- 
tains and has an altitudinal range of 2,500 to 6,500 
ft. This zone is divided into two sections; firstly, 
areas within the altitudinal range 2,500 to 5,500 ft, 
which show relatively little increase in precipitation 
with altitude (approximately 6 in. per 1,000 ft) and 
secondly, areas above 5,500 ft, which show almost the 
same relationship as do stations in zone II (approxi- 
mately 13.5 in. per 1,000 ft.) Zone IV covers the 
area between the Blue Ridge and the Unaka Moun- 
tains, and widens northward to include most of south- 
ern Virginia. This zone, with an altitudinal range of 
2,500 to 6,684 ft, shows the same increase in precipi- 
tation with altitude as the lower section of zone III. 

It has been found in subsequent precipitation- 
altitude studies in the Smoky Mountains and the 
Snake Mountains (Smallshaw 1953) that the effect 
of altitude on precipitation is more pronounced dur- 
ing the winter season of general cyclonic storms. 
Except for precipitation resulting from tropical dis- 
turbances, summer precipitation, being of the con- 
vection type, falls largely as showers, with little alti- 
tudinal trend evident even though such showers may 
be orographically triggered. 

Snow. Table 1 shows the increasing importance of 
snow with altitude. A slight exception to this is in 
late autumn when the intermediate altitude station 
(Banner Elk) receives as much or more snow than 
the high altitude station (Mount Mitchell). 

Drought. Values for minimum monthly precipita- 
tion deviate considerably from the means in the re- 
gion and indicate the possibility of drought condi- 
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Reologicay sonographs 
tions prevailing at times, especially during late sum. 
mer and early autumn. However, high altitude areas 
tend to receive more precipitation than lower alti. 
tudes even when precipitation is abnormally low, and 
this, together with a decrease in potential evapotran- 
spiration with altitude, would make drought condi- 
tions less frequent and less severe at high altitudes 
than at lower altitudes. 

Temperature.4 The effect of altitude on temper- 
ature is illustrated in Table 1 where means of daily 
maximum, minimum, and mean temperatures, together 
with mean number of days with minimum temper. 
atures at or below 32°, have been presented for 3 
stations in the region. The greatest difference between 
the stations is in values for mean daily maxima, 
which exceed 18° between the highest (Mount Mitch. 
ell) and the lowest (Asheville) stations during the 
3 warmest months, with an average difference of 
16.4° between them. Differences in mean daily mini- 
ma between the highest and lowest stations reach 
12.6° during early spring (March), with the high 
altitude station averaging 10.8° lower than the low 
altitude station. Differences in mean daily means 
between the high and low altitude stations also reach 
their greatest (15.3°) in spring, and have an average 
difference of 13.5°. The intermediate station (Ban- 
ner Elk), located 1,507 ft above Asheville and 2,925 
ft below Mount Mitchell, resembles Asheville more 
closely in mean daily maxima, Mount Mitchell more 
closely in mean daily minima, and is almost inter. 
mediate with respect to mean daily means. 

The relative severity of the high mountain environ- 
ment is also indicated by values presented for mean 
number of days with minima of 32° and below. The 
difference between the highest station (147 days/yr) 
and the intermediate one (134 days/yr) is small, 
relative to the difference between either and the low 
altitude station (83 days/yr). This relatively close 
relationship between the temperature environments of 
Banner Elk and Mount Mitchell is further indicated 
with average values for the dates of the last spring 
and the first autumn minima of 32° and below. Dates 
for the last spring freezing temperature range from 
April 11 at Asheville, to May 14 at Banner Elk, and 
May 20 at Mount Mitchell, while dates for the first 
autumn frost are October 24 at Asheville, October 1 
at Banner Elk, and October 2 at Mount Mitehell. 
Thus, the average number of days between the last 
spring and the first autumn frost ranges from 194 
days at Asheville to 138 days at Banner Elk and 133 
days at Mount Mitchell. 

Wind. Long-term wind records, which inelude both 
direction and velocity, are available only for Asheville. 
However, these records are almost valueless for char- 
acterizing the region, since the station is located in 
the French Broad River Valley which has a pro- 
nounced influence on wind direction. Of more value 
is the short record (September 1955 to the present) 
of wind speed and velocity from the fully exposed 
station on Grandfather Mountain (36°06’N and 81°- 


4 All temperatures are in degrees Fahrenheit. 
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49'W) at 5,300 ft. This record shows that the pre- 
vailing winds and those of the highest velocity, come 
from the northwest to west-northwest. Southeasterly 
winds are important during spring and summer, and 
easterlies during autumn. South-westerly and west- 
southwesterly winds rank fairly low except during 
winter and spring. Calm days are common only dur- 
ing summer, 

Evapotranspiration. Shanks (1954) reports on 
standard weather bureau temperatures and precipita- 
tion values collected for a 5-yr period (1946-1950) at 
4 stations located on the north slope of the Smoky 
Mountains and ranging in altitude from 1,460 to 6,300 
ft. Precipitation increased gradually with altitude. A 
temperature gradient of 2.23° decrease per 1,000 ft 
was demonstrated. 

In comparing precipitation with potential evapo- 
transpiration, Shanks found that “in only one case, 
September at 1,460 ft, does a monthly value of po- 
tential evapotranspiration exceed the precipitation, 
and then only by .49 in.” Water surplus showed a 
greater increase with altitude than did precipitation 
since potential evapotranspiration decreases with alti- 
tude. Shanks analyzed the climatic data on the basis 
of Thornthwaite’s (1948) climatic classification. The 
humid-perhumid boundary occurs a short distance 
above the 1,460 ft station, while the spruce-fir forest 
zone falls outside the perhumid edge of the Thorn- 
thwaite graph and exceeds the highest moisture values 
reported for comparable forests. The mesothermal- 
microthermal boundary occurs just above the 5,000 
ft station and approximates the ecotone between the 
hardwood and spruee-fir forest. Shanks recommends 
a revision of Thornthwaite’s (1948) maps of moisture 
regions in the United States and average annual 
thermal efficiency, to include the Smoky Mountains 
with the Blue Ridge and the mountains of northwest- 
ern North Carolina in the perhumid (A) moisture 
sequence and the microthermal (C’2) thermal efii- 
clency sequence. 


VEGETATION OF THE HIGHER ELEVATIONS 

The region is predominantly forested. Only the 
high altitude or “northern forest” vegetation of 
Braun (1950) will be diseussed, since this oceupies 
the area in which the balds, both grass and heath, 
occur. Two physiognomically distinct forest types 
are present, these being a subalpine evergreen conif- 
erous forest on the highest slopes, and a deciduous 
hardwood forest below. 

The coniferous forest, dominated by red spruce 
(Picea rubens) and Fraser fir (Abies fraseri), ex- 
tends from the highest peaks down to an altitude of 
about 5,400 ft on south and southwest slopes, and to 
about 4,800 ft on north and northeast slopes. How- 
ever, there are considerable areas within this zone 
from which spruce-fir forest is absent (Whittaker 
1956 Fig. 22). The significance of this to the bald 
problem will be discussed later. 

With increasing elevation, spruce decreases in im- 
portance while fir assumes greater importance, so 
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that the forest types change from almost pure spruce 
at the lower limits of this forest to mixed spruce-fir 
above, and on the highest peaks, especially on their 
northern slopes, to almost pure fir. 

The transition from the subalpine coniferous forest 
to the hardwood forest is relatively sharp. It is 
probably the result of the climatic gradient with in- 
creasing altitude, accentuated by the difference in 
microenvironmental control exerted by the two physi- 
ognomiecally distinct forest types. 

The high altitude deciduous forest, referred to as 
the “northern hardwood forest type” (Braun 1950) 
extends from the lower limits of the spruce-fir forest 
where present, down to about 5,000 ft on south slopes 
and 4,500 ft on north slopes. This forest type is 
dominated by yellow birch (Betula lutea), beech 
(Fagus grandifolia), sugar maple (Acer saccharum), 
and buckeye (Aesculus octandra), mixed, or in pure 
stands, and often associated with hemlock (Tsuga 
canadensis), red oak (Quercus rubra), black cherry 
(Prunus serotina), white ash (Fraxinus americana), 
and, prior to its destruction by disease, chestnut 
(Castanea dentata). The relatively large trees form 
a dense forest except at higher elevations where 
dwarfing becomes pronounced and the stands are 
more open. These open stands of dwarfed and dis- 
torted trees have been designated “sub-alpine orchard 
association” (Davis 1930) or merely “orchards” 
(Cain 1931). The orchards are usually of mixed 
composition, commonly containing beech, yellow birch, 
buckeye, and Crataegus punctata (Davis 1930, Cain 
1931, Brown 1941), and sometimes also oak and chest- 
nut (Braun 1950). Almost pure stands of stunted 
beech occupy gaps on the crests of the lower ridges 
within the spruce-fir forest (Russell 1953). 

The treeless balds form a rather small proportion 
of the high altitude vegetation. The heath balds, 
best developed in the Smoky Mountains, oceur be- 
tween 4,000 and 6,500 ft and are associated with both 
spruce-fir and northern hardwood forests (Cain 1930). 
The grass balds are well developed throughout the 
entire region, occurring in a zone between 4,700 and 
6,100 ft, and thus are also associated with the two 
major forest types. 


THE OCCURRENCE OF BALDS IN 
RELATION TO TOPOGRAPHY, ALTITUDE, 
AND FOREST TYPES 
Types OF BALps 

During the extensive phase of the study, 61 areas 
which are designated “balds” on topographic maps, 
as well as other areas suggested for study, were visit- 
ed. Four general types of “balds”’, excluding heath 
bald, were recognized, and all of them oceupy well- 
drained sites. These areas are not all alike in their 
vegetation and not all qualify as balds. The 4 types 
are described below. 

1. Completely forested “balds” dominated by wide- 
ly spaced, dwarfed, and distorted hardwood trees 
occur on some mountain summits. The “balds” of 


this category on which information was obtained, oc- 
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cur chiefly toward the southern end of the region. 
There is no evidence that the trees present on these 
summits have succeeded a grassy vegetation, even 
though the forest floor is partially covered by plants 
of typical bald species. Diameter growth rate studies 
of the trees indicate that they have relatively slow 
grown rates, and that they have occupied their pres- 
ent sites for a considerable period. 

These anomalous “balds” were not studied in de- 
tail. The only reason for including them in this dis- 
cussion is that they are named “balds” on topographic 
maps. They will not receive further discussion. 

2. A type of “bald” occupies small areas on moun- 
tain summits which have been recently cleared of 
dwarfed hardwood forest of the type described above. 
The clearings were made for the placement of fire 
lookout towers. Six of these “balds,’ Brasstown 
(4,784 ft), Cowee (4,944 ft), Rabun (4,663 ft), Tey- 
ahlee (4,716 ft), Wayah (5,335 ft), and Wesser 
(4,627 ft), were visited. They are confined to the 
southern portion of the region. 

Although these are not balds as previously de- 
fined, their vegetation, except for the occurrence of 
tree stumps and some sprouts, may simulate that of 
a true bald. Since the protective effect of a forest 
canopy no longer exists, these “balds” may, in time, 
come to resemble typical balds more closely. The 
flora simulates that of the typical balds. These 
“balds” will not receive further discussion. 

3. Grassland areas occupying recently deforested 
sites at high elevations resemble the true balds vege- 
tationally. In most eases there is historical evidence 
on record for their recent origin, and in the remaining 
eases the presence of tree stumps and/or log remains 
indicate relatively recent forest cover. These areas do 
not qualify as true balds as previously defined, and 
would be more appropriately termed “fields” as some 
already have been. Twelve of these fields, ranging in 
altitude from 4,200 to 5,590 ft, were studied during 
the survey, and they will be further considered in 
subsequent sections. 

A number of the true balds have been enlarged 
within historic times by removal of the surrounding 
forest, and these recently formed portions should be 
included in this category. However, the exact outline 
of the original bald in these cases can rarely be 
determined. 

4. The true balds, as defined previously, were pre- 
sumably in existence prior to European settlement. 
During the survey, 34 balds of this type were studied. 
Their locations, altitudinal ranges, and adjacent forest 
types are presented in Table 2. These balds will be 
discussed in detail. 

It was impossible in the time available for the 
extensive survey to obtain information on every area 
called a “baid,” so that the ecological status of all the 
so-called balds in the region cannot be presented 
here. However, information was obtained on a suffi- 
ciently large proportion (73%) of such areas that a 
prediction of the ecological status of the remaining 
ones can be made. It appears probable that only 6 
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TABLE 2. Locations, altitudinal ranges, and adjacent 
forest types of balds, listed according to latitude. 
Lat. Long Adjacent 
Name (N) (W) Alt. range (ft) | Forcst Type 
Whitetop Mountain...... 36°38’ 81°37’ 5,060-5,410 | Ecotonal 
Big Yellow...... Fa 36°07’ 82°01’ 5,100-5,450 | Hardwood 
BS ci vavsitiecccessca eee 82°05’ 5,600-5,807 | Ecotonal 
Roan Mountain. ..| 36°06’ 82°07’ |~ 5,650-6,100 | Coniferous 
aS ..| 36°06’ 82°06’ 5,500-5,826 | Ecotonal 
Se ; eenen 35°59’ 82°30’ 5, 330-5, 530 Hardwood 
Craggy Pinnacle. . --.| 35°42’ 82°22’ 5, 780-5, 810 Hardwood 
Mount Sterling.......... 35°42’ 83°07’ |— 5,770-5,800 | Coniferous 
Craggy Knob....... -| 85°41’ 82°23’ 5,560-5,680 | Hardwood 
OO 35°34’ 83°33’ 5,480-5,500 | Ecotonal 
NG en ca exnice cae 35°34’ 83°45’ 5,000-5,040 | Hardwood 
ee 35°34’ 83°43’ 5,285-5,450 | Hardwood 
Pre Ut. Y 83°34’ 5, 440-5, 620 Hardwood 
Thunderhead Mountain...} 35°34’ 83°45" 5,450-5,500 | Hardwood 
Andrews...... Sige 35°22’ 83°30’ 5,500-5,700 | Ecotonal 
I 5 6a sak coos 35°31’ 83°52’ 4,780-4,948 | Hardwood 
Parson...... diol 35°31’ 83°53’ 4,650-4,730 | Hardwood 
Biceucadecsss ai 36°31’ 83°12’ 5, 380-5, 400 Hardwood 
Cold Mountain......... 35°25’ 82°52’ |—5,770-5,800 | Ecotonal 
I So, ess wea a bis a'co 83°03’ 5,580-5,613 | Hardwood 
Big Pisgah........ : 35°24’ 82°46’ 5, 200-5, 240 Ecotonal 
Shining Rock Gap. .. 35°23’ 82°50’ 5,700-5,730 | Ecotonal 
EEE fs 84°00’ 5,250-5,300 | Hardwood 
East Rough Butt. . os 35°19’ 82°57’ 5,700-5,750 | Ecotonal 
Indian Graveyard........ 35°19’ 85°19’ 5,260-5,300 | Ecotonal 
West Rough Butt.........} 35°19’ 82°58’ 5,440-5,680 | Ecotonal 
Wet Camp Gap... 35°19’ 82°58" 5,380-5,550 | Eco‘onal 
ee 35°18’ 82°59’ 5,400-5,473 | Ecotonal 
ah rS 35°18" 82°58’ 5,400 5,574 Ecotcnal 
Gage Gap... as 35°18’ 82°59’ 5, 210-5, 240 Ecotcnal 
PHO ...0.6s0s. hs 35°18" 81°00’ 5,37C-5, 429 Hardwood 
Rich Mountain Gap....... 35°18" 83°00’ 5,40C-5,420 | Ecotonal 
Tennessee........... , 35°18’ 82°55’ 5,45C-5,480 { Ecotonal 
MS chccussiuhsieceee 35°18’ 82°56’ 5, 660-5, 680 Eeotora! 

















other areas would fall within the category of balds 
as previously defined. In addition to these more 
than 22 so-called “balds’”, almost all in the southern 
portion of the region, were not visited. It is proba- 
ble that most of these areas support a hardwood forest 
cover. : 

From this discussion, it is apparent that the term 
“bald” has been very loosely applied to vegetation. 
For ecological purposes the term should be restricted 
to conform with the definition previously presented. 


RELATION OF THE BALDS TO TOPOGRAPHY AND ASPECT 

Of the 34 true balds studied, 8 occupy dome-shaped 
summits, and in 6 of these (Big, Gage, Gregory, 
Jane, Parson, Round) the bald extends down on all 
aspect slopes, but generally several feet farther down 
the south and southwest slopes. Of the remaining 2, 
one (Charley) extends down the north slope only, 
the other (Craggy Pinnacle) is confined to a rather 
flattish summit. Seven balds (Gage Gap, High 
Spring, Rich Mountain Gap, Shining Rock Gap, 
Stratton, Tennessee, Wet Camp Gap) are located in 
gaps. They may be confined to the gap area, but 
usually they extend a short distance from it, either 
up slope (Stratton, Tennessee, Wet Camp Gap), or 
down slope (Gage Gap, High Spring), but apparently 
not to areas beyond the influence of the gap environ- 
ment. The orientation of the ridges on which the 
gap balds are located is northeast-southwest with 
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two exceptions (Shining Rock Gap, Tennessee). The 
majority of balds (20) occupy ridges or relatively 
broad slopes and have only one predominant aspect. 
Although there is no common aspect, south, southwest, 
and west predominate, 13 of the balds falling within 
this category. Other aspects are represented, how- 
ever, and include northwest (West Rough Butt, Thun- 
derhead Mountain), northeast (Big Pisgah), east 
(East Rough Butt), and south-southeast (Indian 
Graveyard). Balds also vary considerably in degree 
of slope, ranging from flat surfaces to 28° (east 
slope of Big Bald), but slopes exceeding 15° are 
uncommon. 


RELATION OF THE BALDS TO ALTITUDE 

The altitudinal ranges of the true balds are in- 
eluded in Table 2. It is apparent from Table 2 and 
Fig. 1 that the balds are confined to a relatively 
narrow altitudinal band around 5,400 ft. This feature 
of the balds, although not emphasized by previous 
workers, may be significant in explaining their pres- 
ence. Variation in the altitudes of balds on neigh- 
boring mountain ranges may be due to macroclimatie 
differences between adjacent ranges, together with 
differences in their present forest vegetation resulting 
from the effects of climatic fluctuations in _post- 
Wisconsin times. The significance of this will be 
more obvious when the balds are discussed in relation 
to their adjacent forest types. 
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Fig. 1. Frequency plotting of 34 balds by numbers 
against 50 ft intervals of altitude. 


RELATION OF THE BALDS TO THE MAJor Forest TYPES 

As stated previously, two physiognomically dis- 
tinet forest types, a subalpine coniferous (spruce-fir) 
forest and a deciduous (northern hardwood) forest 
occupy most of the area in which the balds occur. 
There appears to be a highly significant relationship 
between the distribution of these 2 forest types and 
that of the balds. The forest type adjacent to each 
of the balds has been indicated in Table 2. Of the 34 
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balds considered, 2 are surrounded by coniferous for- 
est, 14 by hardwood forest, and 18 by an ecotonal for- 
est of mixed hardwoods and conifers in the transition 
zone between these 2 major forest types. In many of 
these “ecotonal” balds the lower boundary of the bald 
consists of pure hardwood forest with pure coniferous 
forest above (Fig. 2). However, in those occupying 
gaps, the surrounding forest consists entirely of mixed 
hardwoods and conifers. Round Bald, which also has 
been listed as ecotonal, is somewhat exceptional in 
that the bald occupies a summit and is surrounded 
for the most part by pure or almost pure hardwood 
forest, but in part by pure coniferous forest (Figs. 
3 & 11). The significance of this in explaining the 
possible origin of this and other balds will be dis- 
cussed later. It is apparent from Table 2 that the 
altitudes of the balds associated only with hardwood 
forest do not differ markedly from those of the eco- 
tonal balds. This is because hardwood forest occupies 
a considerable area on many of the lower mountains 
throughout the region which appear to be within the 
potential altitudinal range of the spruce-fir forest. 
Whittaker (1956), who discussed this aspect of the 
high altitude forests of the Smoky Mountains, de- 
scribed these deciduous forests as “high-elevation 
members of their group, of reduced stature, and per- 
haps well beyond favorable conditions of temperature 
and growing season.” This phenomena, although de- 
seribed to date only from the Smoky Mountains, oc- 
curs in other parts of the region and appears to be of 
significance in explaining the origin of many of the 
balds (Billings & Mark 1957). The interpretation of 
this phenomenon, together with a comparable one 
involving the coniferous forest, will be fully discussed 
in a later section dealing with the distribution of 
the high-altitude forests in relation to the occurrence 
of balds. 

The hardwood trees in the vicinity of the balds 
show in their growth form the impress of environ- 
mental factors related to high altitude. The trees 
are dwarfed, misshapen, have relatively slow diameter 
growth rates, and thus appear to be growing at or 
near their upper altitudinal limits. The canopy 
heights of the hardwood forests on the bald margins 
range from less than 15 ft on Silers and Round 
Balds to about 50 ft at Wet Camp Gap, but in all 
cases except the latter, canopy height is less than 
40 ft. Tree height increases rapidly with decreasing 
altitude below the balds, to average about 80 ft at. 
3,500-4,000 ft elevation. 

Stump sections were taken 15 in. above ground 
level of a beech tree from the south margin and a 
buckeye tree from the northeast margin of Round 
Bald to determine the exact ages of the trees, any 
differences in diameter growth rates with time, and 
any eccentricity of diameter growth rate as was pre- 
viously reported for trees on the bald margins by 
Cain (1931, 1942). The growth rings, presumably 
annual, were counted along eight radii using a binoc- 
ular microscope after the surfaces of the sections had 
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Fie. 2. Whitetop Mountain Bald, Virginia. This bald cecupies an ecotonal position in that subalpine 
coniferous (red spruce) forest forms the upper margin, and dwarfed hardwood (red oak, beech) forest 
forms the lower margin. The presence of hardwood log and stump remains in the area of downward exten- 
sion of the bald (foreground) indicates that this portion is of recent origin. July 11, 1957. p 


~ 





Fic 3. Round Bald (5,827 ft) on the North Carolina-Tennessee State line, viewed from the summit of 
Jane Bald. The hardwood forest margin forms an abrupt boundary with the bald on the south slope (left) 
where beech is dominant, and a very irregular boundary on the northeast slope (right) where a decadent 
orchard forest of buckeye extends beyond the limits of the closed beech-dominated forest. The bald occupies 
the lower part of the altitudinal zone of coniferous (spruce-fir) forest on Roan High Knob (6,287 ft) 


(background). July 5, 1957. 


been smoothed and polished. The growth rate pattern 
of these 2 trees is presented in Fig. 4. 

Both trees show considerable eccentricity in diam- 
eter growth, with the greatest growth on the side 
toward the bald, irrespective of compass direction. 
Cain, however, found the opposite to be true. The 
diameter growth pattern for the last 100 yrs in both 
trees is similar, with relatively slow growth during 
the last 45 yrs following a period of faster growth dat- 
ing back to about 1870. Only the buckeye stump, 
which dates back to 1710, is old enough to be used 
beyond this date. A reduction in growth rate occurred 


between 1770 and 1870 which followed a period of 
faster growth extending back at least to 1710. 
Diameter growth rates of red oak, spruce, and fir 
trees in the vicinity of the balds and in other areas 
were determined from increment cores taken with 
Swedish increment borers. The purpose was to com- 
pare diameter growth rates of mature forest trees in 
the vicinity of the balds with those in other areas, and 
to compare the diameter growth on the forest and 
bald sides of single mature trees on the bald margins. 
In most cases, cores were taken from both the south- 
west and the northeast sides of trees to determine the 
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‘ag 4. gee sates rate roel of two ma- 
ture hardwood trees from the margin of Round Bald. 
The ring counts were made along 8 compass radii from 
stump sections taken 15 in. above ground level. The 
rings are dated from the present. The pattern is pre- 
sented in groups of 5 growth rings. Lines connect rings 
of equal age. A = 18 ft X 9.6 in. beech tree from the 
south slope; B = 18 ft X 10.1 in. buckeye tree from 
the northeast slope of the bald. 


presence or absence of eccentric diameter growth pat- 
terns. Three trees of each species were sampled at 
each site, the tree dimensions taken, and the cores 
brought to the laboratory for making ring counts. 

The growth studies were based on cores exceeding 
8 em in length but excluding the center wood. To 
make the results comparable, rate of diameter growth 
was expressed as the average number of growth rings 
per centimeter. 

Forest trees of red oak show quite variable rates 
of growth, and a lack of correlation between tree 
height and diameter growth rates. The tallest trees 
in the vicinity of a bald form a very open stand 
around Wet Camp Gap Bald, yet these show the 
slowest rates of diameter growth. However, growth 


rates do increase with tree height in a decreasing 
altitude series on the south slope below Gregory 
Bald. The trees at the lowest station (3,500 ft) 
in this series show the fastest growth rates of all 
It is surprising that the 
Bald (5,740 ft) 


of the oaks investigated. 
2 highest stations studied, Andrews 
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and East Rough Butt Bald (5,650 ft) are associated 
with trees showing relatively rapid rates of growth. 
There is also a wide range of growth rates in the 
trees associated with fields (Spence Field and Ledge 
“Bald’’), and in those associated with anomalous 
balds (Brasstown, Cowee, Signal, Wayah). 

There is also considerable variation in the dia- 
meter growth rates of spruce forest trees. The data 
indicate that growth rates of trees in the vicinity of 
balds are no less than those in other areas. A de- 
creasing altitude series on the southeast slope of 
Clingmans Dome (6,642 ft) showed that a 1,930 ft 
difference in altitude does not markedly affect the 
rates of diameter growth. 

Relatively fast rates occur in trees growing at 
the present southwestern limits of subalpine conifer- 
ous forest in both the Smoky Mountains (Double 
Spring Gap, High Spring Bald) and the Richland 
Balsam Range (Rich Mountain Gap Bald). Growth 
rates of spruce tend to be considerably lower on the 
Unaka Mountains than on the mountains to the east. 

Variation in diameter growth rates of fir from 
different localities is relatively small. A decreasing 
altitude series on the southeast slope of Clingmans 
Dome indicates that growth rates inerease slightly 
with decreasing altitude down to 5,400 ft. 

As with spruce, rates of growth of fir are no less 
in the vicinity of the balds and at the southwestern 
limits of its range than in other areas. 

In red oak, spruce, and fir there is no consistent 
difference diameter growth on the northeast and 
southwest sides of trees. 

Diameter growth rates were measured on the bald 
and forest sides of single mature trees of red oak, 
spruce, and fir on the bald margins. The differences 
are relatively small in spruce and fir. The results 
for red oak are not consistent. The opposite aspect 
slopes of Gregory Bald both have faster rates of 
tree growth on the northeast sides of the stems. Thus, 
faster growth rates occur on the open sides of trees 
on the southwest slope and on the forest sides of trees 
on the northeast slope. It is difficult to determine 
whether this is a function of climate, since stump sec- 
tions of hardwood trees from Round Bald show faster 
growth rates on the open sides on both south and 
northeast slopes. 

Diameter growth rates of young red oak, spruce, 
and fir trees established on some of the balds and 
fields indicate that red oak and spruce, especially red 
oak, have relatively slow rates of increment on the 
southwestern sides of their stems. This difference in- 
dieates the possibility of climatic conditions associated 
with southwesterly aspects which are unfavorable for 
growth of red oak and spruce. 

Despite their subalpine growth form and relatively 
slow rates of growth, the hardwood trees in the viein- 
ity of the balds do produce a seed crop. Fruiting 
trees of beech, red oak, buckeye, and birch were 
observed in the vicinity of balds, both in the 1956 and 
1957 autumn seasons, and only in beech was there a 
high proportion of empty seed. There was also good 
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seed production of spruce and fir where they occur in 
the vicinity of the balds, except in 1957 which was a 
poor seed year for spruce. 

Where hardwood forest forms the bald margin the 
forest usually ends abruptly, but occasionally it may 
have a very irregular boundary formed by an orchard 
type of forest. Both types of forest boundary 
simulate a timberline for the hardwood forest (or a 
pseudo-timberline for the region) and both may occur 
on a single bald (Fig. 3). Where the upper forest 
margin is abrupt, as on the south slope of Round 
Bald, the forest appears to be maintaining itself, 
but this it not the case with the gradual transition 
type where the orchard forests are in a decadent 
condition and are being replaced by bald vegetation. 
This decadence may in some eases have been accen- 
tuated or even induced with grazing by domestic 
stock. With cessation of grazing, the decadence may 
continue as on Round Bald, or the orchard forest may 
be transformed from the open condition into a rela- 
tively dense forest with the establishment of tree 
regeneration. A change of this type seems to have 
occurred in the forests surrounding the balds in the 
Smoky Mountains, and especially in the vicinity of 
Gregory and Parson Balds. Thus, Camp (1931) 
described an “open and park-like [forest] with numer- 
ous small grassy areas”; this description would no 
longer apply. Orchard-form trees, mostly of red oak, 
are present, forming an open-canopied forest, but 
there is a relatively dense understory of regenerating 
oaks with some yellow birch, Crataegus (C. macro- 
sperma var. roanensis), and chestnut. 

The ecotonal forest on the margin of Wet Camp 
Gap Bald is a very open stand of orchard-form 
slow-growing hardwood trees, chiefly red oak, with 
younger faster-growing and more vigorous trees of 
spruce, which appear to be increasing in importance. 
The herbaceous ground cover resembles closely the 
vegetation of the bald. There is an abundance of 
hardwood seedlings of many more species than are 
represented in the canopy. Their failure to become 
established is probably due to the relatively heavy 
grazing, browsing, and trampling by cattle, to which 
the area is subjected. Browsing of regeneration was 
observed for all species present, except buckeye and 
spruce. Therefore, if grazing ceased, it appears prob- 
able that the orchard forest would be replaced by a 
more dense forest, such as has presumably taken place 
in the vicinity of Gregory and Parson Balds. 

Because of the difference in the structure of the 
surrounding hardwood forest on the northeast and 
south slopes of Round Bald, and their apparent 
difference in stability, permanently marked 5-m wide 
belt transects were laid across the upper forest mar- 
gins on both slopes, and the woody plants mapped 
(Mark 1958). Although the maps illustrate the strik- 
ing difference in structure of the hardwood forest 
timberline on the two slopes, their greatest value 
should be in determining future changes. It is 
obvious from comparing photographs taken of Round 
Bald about 1936 (Brown 1938: Fig. 10B; 1941: Fig. 
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11) with the present situation (Fig. 3) that the upper 
edge of hardwood forest on the northeast slope, at 
least, is being replaced by bald vegetation. 

Certain of the balds are being invaded by forest 
trees, both hardwood and coniferous, but the dis- 
eussion of this will be included with the following 
section dealing with the vegetation of the balds. 


VEGETATION OF THE BALDS AND FIELDS 

Prior to the present study, bald vegetation has been 
phytosociologically analyzed in only two widely sepa- 
rated areas in the region. Brown (1941) analyzed 7 
“stands” on Round and Roan Mountain Balds using 
ten 2 X 1 m quadrats at 10 m intervals along a 
“control line”. He gives values for frequency and 
for coverage. Gilbert (1954) presents values for 
abundance, frequency, and coverage for species from 
4 balds (Andrews, Silers, Gregory, Parson) and 1 
field (Spence) in the Smoky Mountains. These values 
were obtained from essentially randomly located cir- 
cular plots 1-yd (0.91 m) in diameter. The results of 
these analyses will be discussed with those obtained 
in the present study. Wells (1937) lists many of the 
species of 23 balds and fields in the region, according 
to a 5-point scale of dominance. Davis (1930) de- 
seribes the floristic composition of the balds of the 
Black Mountains and Craggy Range. 


SAMPLING METHODS 

Ten systematically placed quadrats of 2 sizes, 
0.5 X 0.2 m for herbaceous species, and 8 X 2 m for 
woody species, were used in the analysis of each 
stand of bald vegetation. A stand constituted the 
vegetation of any one of the aspects which a bald 
occupies. On balds which occupy a summit and all 
aspect slopes, only 5 (0 = summit, N, S, E, and W) 
were analyzed. However, one aspect predominates on 
balds which occupy ridges so that no choice could be 
made regarding the aspect to be sampled on such 
balds. Location of the sampling site within a stand 
was standardized. Vegetation was sampled on the 
summit, while slope aspect vegetation was analyzed 
approximately halfway in distance between the upper 
and lower limits of the bald. The small quadrats 
were located within the large quadrats, which were 
arranged in 3 rows (the center row containing 4 
quadrats) parallel to the contours, with 5-m_ inter- 
vals between rows and quadrats. Location of quad- 
rats was determined by using a 25-m tape. Another 
tape was used to delimit each of the large quadrats 
while a 0.5 xX 0.2 m frame with a wire grid 
marking decimeter squares was used for the small 
quadrats. Each of the quadrats was analyzed for 
number of stems and per cent cover, so that values 
for frequency, density, and cover by species were 
obtained. Cover determinations were made close 
to ground level. Some difficulty was experienced in 
counting number of stems per quadrat of certain 
species. Individual Danthonia clumps were entered 
as single stems. Although the quadrat size for her- 
baceous species was relatively small, it did give high 
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TABLE 3. 


Results of vegetational analysis of 8 balds by aspect. 
and % cover (C) of the most important woody species (in ten 8 X 2 m quadrats) and herbaceous species (in 
Values for north and east 


ten 0.5 x 0.2 m quadrats) are listed under balds and aspects in the order F/D/C. 


aspects and for south and west aspects have been combined. Balds are listed by number, as follows: Andrews (1), 
Gregory (2), Parson (3), Rocky Top (4), Round (5), Stratton (6), Tennessee (7), and Thunderhead Mountain 
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Angelica triquinata........... 100 
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Fragaria virginiana........... 


Houstonia purpurea.......... 


Houstonia serpyllifolia........ 


Poa pratensis................ 





_ 
Seo soo 


oe 


t 
ooo 
Con 


~ oO 


ot all 
% ee. 





3 








2 2 ‘ 
N& ES& WINKE 
30 | 20 | 35 
0.6] 0.2] 0.4 
1.8| 0.3] 0.7 
30 | 40 
0.6! 0.4 
1.7| 0.6 
45 |10 | 10 
6.1] 1.3] 0.3 
1.4| 0.2] 0.2 
25 5 | 15 
0.4] 0.1] 0.3 
0.7| 0.2| 0.9 
40 |25 | 10 
1.2] 0.6] 0.1 
1.8| 0.4] 0.2 
90 |65 | 85 
15.3 | 9.1] 10.5 
8.0| 2.5] 7.0 
100 | 90 {100 
17.4 | 18.0 | 20.0 
$1.1 | 34.1 | 54.6 
10 | 30 
0.1} 2.1 
3.0| 1.7 
100 |100 | 85 
3.9] 4.3] 5.9 
38.7 | 21.6| 6.8 
5 
0.1 
0.1 
10 
0.1 
0.3 














_ 
































| | 5 5 6 7 8 
S&Wl Ss O IN&ES&W O | NNW NW 
35 | 10 10 20 
0.5} 0.1 0.1 0.2 
1.4| 0.4 0.1 0.2 
30 10 10 
0.5 1.1 0.1 
0.9 0.8 0.6 
70 
12.7 
3.8 
10 
0.2 
1.0 
30 
3.4 
2.1 
60 
6.8 
1.4 
30 |15 |20 | 60 
0.9| 0.4] 0.3] 2.8 
1.4| 0.8| 0.6| 8.8 
100 
2.4 
15.1 
90 
16.2 
40.3 
10 |60 |20 | 40 | 50 
0.2} 0.9} 0.3] 0.7] 0.5 
0.6} 2.4] 0.7] 3.9] 2.0 
45 15 | 55 50 | 10 
2.7 1.1| 9.3 2.0] 2.0 
2.9 1.6 | 29.1 1.9] 7.0 
00 | 80 |100 |100 | 65 {100 | 90 | 90 
5.7| 3.5] 5.8] 7.4] 3.9] 4.1] 8.4] 6.0 
18.9 | 49.0 | 49.0| 40.4 | 20.6 | 39.8 | 29.8 | 43.0 
30 100 |100 | 25 | 50 | 60 
0.9 17.1| 5.1] 1.6] 1.0] 1.8 
1.8 15.7| 10.2| 2.2| 2.6| 2.8 
5 10 | 70 
0.1 0.2} 1.6 
0.1 0.1} 4.0 
40 | 25 5 | 70 
1.0| 3.4] 0.1] 1.5 
2.8| 4.8| 01} 3.1 
10 |3 15 |10 | 40 
0.2} 0. 3] 0.1] 1.4 
6} 0.2] 1.1 






















































304 A. F. Marx Ecological Monographs 
° . Vol. 28, No. 4 
TABLE 3 (Continued) 
1 2 2 2 3 3 4 5 5 5 6 a 8 
Herbaceous Species SW O IN&ES&WIN&ES&W S O IN&ES&W O | NNW! NW 
Polytrichum commune and P. 
juniperinum............- 20 15 50 5 10 65 60 40 
4.0; 3.0] 6.9] 0.4 0.2 | 11.9 | 12.0 8.0 
Ob) 0571 10) 0:2 0.2| 7.2) 11.3 4.0 
Potentilla canadensis.......... 100 = {90 80 90 70 80 90 20 30 55 100 100 90 
S.21701 6.9) 421) 2.6) 401 4:01 2.2] 1.3] 4.11 10:31 5.81 824 
6.1 |16.1 Bsr 0 9e0 ) Bi OO 110 1 4h) 88) 7.0 2:2) 6.7 1-37 
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0.5 0.1} 0.7 0.2 0.4 
1.4 0.8) 1.7 0.4 1.3 
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0.5 0.3] 0.3 0.2 
0.6 0.6 a 0.8 
Rumer acetosella............. 90 {70 75 85 25 45 70 100 90 85 100 30 100 
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values for the dominant species, but many lesser 
species were not recorded. Presence lists by aspect, 
were made for all of the balds and fields visited. 
About 1,200 plant specimens were collected for check- 
ing identifications. A representative sample of these 
has been deposited in the Herbarium of Duke Uni- 
versity. 

Nineteen stands of true bald vegetation were sam- 
pled, representing 8 balds, 2 of which were studied on 
all 5 aspects. Nineteen stands of field vegetation from 
seven fields were also analyzed to compare with those 
of the balds. The vegetation of all the balds and 
fields visited was described qualitatively, but time did 
not permit a detailed analysis of more than a relative- 
ly small number. 

Phytosociological values are presented only for 
the important species on the balds (Table 3). Com- 
plete results for both balds and fields, however, are 
on record (Mark 1958). The flora of the balds and 
fields will be published separately. 


REsvutts 


The values for the balds (Table 3) emphasize the 
importance of Danthonia compressa in the vegetation. 











In only 1 stand, that on the weedy summit of Gregory 
Bald, did it fall below a frequency value of 70%, but 
the coverage values are more variable and probably 
are the result of the incomplete recovery of this 
species from the relatively severe drought of 1952 in 
certain areas of the region. Thus, Gilbert (1954) 
reports that the very dry late summer and early 
autumn of 1952 caused a reduction in grass cover 
and favored the development of weed communities on 
the Smoky Mountains balds. The results of the 
present analyses of 2 balds (Gregory, Parson) in this 
area show low coverage values for Danthonia, yet 
similar values for density and frequency to those 
found on the other balds. This is due to the abun- 
dance of Danthonia seedlings. The generally low 
coverage values for Danthonia are due to measure- 
ments close to ground level. 

Two other species, Potentilla canadensis and Ru- 
mex acetosella also characterize the bald vegetation 
because of their high values for presence, frequency, 
and density. The genus Viola could be listed too, as 
characteristic because of its high value for presence. 
In terms of coverage, however, all of these rank con- 
siderably lower than Danthonia. Species which at- 
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tain importance on only certain of the balds include 
Aster surculosus on Gregory and Parson, Carex pen- 
sylvanica v. distans on the south and west slopes of 
Round Bald, Fragaria virginiana, Polytrichum com- 
mune, and P. juniperinum on Round Bald. These 
two moss species have formed numerous raised mounds 
or polsters on both Round and Big Balds, especially 
on north and east slopes, where they give the vegeta- 
tion a distinct physiognomy. As with the present 
study, Gilbert (1954) found Aster surculosus to have 
higher coverage but slightly lower frequency than 
Danthonia compressa on both Gregory and Parson 
Balds. The high coverage values for Aster surculosus 
are due to its creeping habit and mat formation. 
Gilbert suggests that this species has been favored 
by the suppression of Danthonia on these balds fol- 
lowing successive dry seasons, since the higher cover- 
age of Danthonia on “more mesic sites’? suggests that 
it has reduced or excluded Aster surculosus. 

One important feature of the bald vegetation is 
the large proportion of its flora made up of weedy 
species, both naturalized and indigenous. Of the 
naturalized species, the most important are in de- 
creasing order: Rumex acetosella, Achillea millefo- 
lium, Phleum pratense, Dactylis glomerata, Chrysan- 
themum leucanthemum v. pinnatifidum, Trifolium re- 
pens, and Cerastium vulgatum. 

A comparison of previous descriptions and analy- 
ses of vegetation on certain of the balds with their 
present condition, indicates that both woody and 
herbaceous species change considerably in importance 
with time. Periodic droughts and changing intensi- 
ties of grazing are probably the chief factors responsi- 
ble for such changes. Some examples will demon- 
strate the magnitude of these changes. 

Brown (1941) lists frequency percent values for 
Carex lucorum (C. pensylvanica v. distans) on Round 
Bald as varying from 0 on the north slope, to 4 on 
the southwest slope, and 20 on the southeast slope. 
Current values obtained for these or comparable 
aspects, but using smaller quadrats, are 20, 55, and 
35%, respectively. Coverage values for these 3 as- 
pects obtained by Brown were 0, 0, and 5 to 25% of 
ground surface as compared with 3, 29, and 11% of 
ground surface now covered. The species was not 
even listed by Wells (1937) who visited the area in 
1926. The marked increase in importance of this 
species during the 20 yrs is probably attributable to 
the absence of domestic stock within the last 13 yrs, 
since observations suggest that this species cannot 
tolerate trampling. 

A striking change has also occurred in the vegeta- 
tion of Gregory Bald within the last 20 yrs. Wells 
(1937), in a brief description of this bald, lists 
Danthonia compressa as the only “dominant”, and in 
a list of more than 20 species does not include Aster 
The importance of the latter species in 
the present vegetation of the bald, and the probable 
explanation, have already been discussed. 

On Andrews Bald Angelica triquinata is now very 
abundant and assumes aspect dominance in the au- 


surculosus. 
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tumn, whereas Wells (1937) did not mention the 
species in his account of this bald. 

Big Pisgah Bald has diminished in size from an 
estimated 2 acres (Wells, 1937) to approximately 
1/20 aere, due to the marginal encroachment of 
Corylus cornuta. However, the non-shrubby portion 
has not changed from Wells’ description. Pteridium 
aquilinum v. latiusculum, Potentilla canadensis, and 
Danthonia compressa still share dominance. 

As Gilbert (1954) states, “there are no tundra 
species present in the [bald] vegetation [of the Smoky 
Mountains], thus there is no evidence in the vegeta- 
tion that the balds are remnants of a colder climate.” 
However, this is not true for the balds outside of the 
Smoky Mountains area, where 3 arctic-alpine taxa 
occur. Potentilla tridentata occurs on most of the 
balds outside the Smoky Mountains, Arenaria groen- 
landica vy. glabra is present on Round and Roan 
Mountain Balds, and Trisetum spicatum v. molle has 


been recorded for Roan Mountain Bald (Scribner 
1889). The latter was not found during the present 
study. Even the presence of these 3 taxa does not 


necessarily imply that treeless areas have been pres- 
ent in the region throughout post-Wisconsin times, 
since all 3 oceur today in open rocky and/or alluvial 
habitats within forests in the northern Appalachian 
Mountains (Pease 1924). 

Cover values of individual woody species are 
usually less than 1 per cent, but there are some excep- 
tions, e.g., Tennessee Bald. The most characteristic 
woody species on the balds is Amelanchier laevis, and 
of slightly less importance is Crataegus macrosperma 
Vv. roanensis, and species of the genus Vacciniwm. 

On some of the balds (Gregory, Parson, Tennes- 
see) there is a distinct increase in woody vegetation 
with approach to the forest margin, due chiefly to the 
increase in shrubs and to a lesser extent to invasion 
by tree species. The presence or absence of a shrubby 
margin does not appear to depend entirely on the 
intensity of grazing, although it tends to be best 
developed on the ungrazed balds and absent on those 
currently grazed, e.g., East and West Rough Butt 
Balds. 

No distinction has been made between regeneration 
and relict trees in presenting the phytosociological 
values. However, the distinction is usually a real one. 
Most of the Aesculus octandra stems although small 
are relatively old (Fig. 4) and appear to be relicts of 
former forests. These occur on many balds (Round, 
Jane, High Spring, Silers, Rocky Top, Tennessee). 
Regeneration of this species is usually absent and 
nowhere abundant. Three species of Pinus (P. pun- 
gens, P. rigida, P. strobus), where present, occur 
entirely as young trees or seedlings. They are abun- 
dant only on Parson Bald. Individuals of Crataegus 


macrosperma v. roanensis, C. punctata, and Robinia 
pseudo-acacia oceur chiefly as relict trees although 
regeneration of C. macrosperma v. roanensis is rela- 
tively abundant on Gregory Bald. Quercus rubra, 
Castanea dentata, and Fagus grandifolia are not com- 
mon, but occur mostly as regeneration near the forest 
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margins. Fagus grandifolia reproduction occurs al- 
most entirely as root suckers which may be very abun- 
dant locally. Abies fraseri and Picea rubens where 
present oceur always as regeneration. Fir seedlings 
are very numerous throughout Mount Sterling Bald 
and both spruce and fir regeneration is becoming a 
conspicuous feature of Andrews Bald. On Round 
Bald the marginal encroachment by both spruce and 
fir in the Carvers Gap area has been at the rate of 
approximately 1 m/yr during the last 20 yrs, based 
on a comparison of Brown’s (1938: Fig. 23A) photo- 
graph of the area with the present situation. A per- 
manent 15 <X 15 m quadrat on the west-northwest 
slope of Round Bald has been mapped for woody 
species to allow a more accurate assessment of en- 
croachment rates by spruce and fir. 

From previous descriptions and photographs of 
many balds (Camp 1931, Wells 1937, Brown 1938, 
1941), it is obvious that woody species are invading 
almost all of the lightly grazed and ungrazed balds. 
The rate of invasion appears to be determined by the 
recent intensity of grazing, the altitudes of the balds, 
and the availability of a suitable seed source. Invasion 
by spruce and fir is occurring on all of the ungrazed 
balds where a seed source is available, and the rate 
of encroachment appears to increase with altitude. 
Invasion by hardwoods and Pinus increases with de- 
creasing altitude, however. The presence of tree 
regeneration on balds which show extensive drought 
killing of Danthonia compressa indicates that certain 
tree species can tolerate greater extremes of drought 
than can this important species of the balds. 

There is a general similarity in the physiognomy 
of field vegetation with that of the balds. Danthonia 
compressa may be as important as on balds, but on 
heavily grazed areas such as Max Patch Mountain, or 
on very shrubby areas as on parts of Russell Field, 
it may be almost or entirely absent. The two other 
species which characterize the bald vegetation, Poten- 
tilla canadensis and Rumesz acetosella, assume slightly 
greater importance in the vegetation of fields. Weedy 
species and small grasses, especially Achillea mille- 
folium, Cerastium vulgatum, Juncus tenuis, Dactylis 
glomerata, Phleum pratense, Poa pratensis, and Tri- 
folium repens, assume greater importance on fields 
than on balds. Species of Viola are also characteris- 
tic of field vegetation. Dead turf, mostly of Dan- 
thonia compressa, occupies a considerable area on the 
2 fields (Spence, Russell) in the southwestern Smoky 
Mountains. The replacement of the Danthonia by 
Aster surculosus has been much less than on nearby 
Gregory and Parson Balds. 

Woody species on the fields are generally similar 
to those on the balds, except for some which are more 
typical of the lower altitudes, e.g., Fraxinus americana 
and Halesia carolina. The abundance of woody vege- 
tation is much higher on the 3 ungrazed fields (Spence, 
Russell, Ledge) in the National Park where forest is 
rapidly reinvading the cleared areas, than on grazed 
fields. Heavy grazing by sheep on Max Patch Moun- 
tain probably accounts for the absence of woody 
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species there. Light grazing by cattle on Mount 
Rogers Field, and Crabtree and Sandymush “Balds” 
is not preventing the establishment of some hard- 
wood seedlings. It is apparent, therefore, that the 
intensity of grazing and browsing is the most impor- 
tant factor in determining the rate at which these 
areas are returning to forest. 


SOILS OF THE BALDS AND FIELDS AND 
THEIR ADJACENT FORESTS 

The possibility of soil differences providing an ex- 
planation for the bald vegetation has not been inves- 
tigated by previous workers. Because of the paucity 
of information on edaphic factors in relation to the 
bald problem, a fairly intensive study was attempted. 

That soil type differences are not associated with 
the balds is apparent from the county soil survey 
reports and maps (published by U. S. Dept. of Agr. 
in cooperation with N. C. Agr. Expt. Stat. and the 
Tenn. Valley Authority, 1942-1955) of 10 counties 
(Avery, Buncombe, Cherokee, Graham, Haywood, 
Jackson, Madison, Mitchell, Swain, Yancey) in west- 
ern North Carolina in which all of the balds except 
Whitetop Mountain Bald are located. 

Approximately half of the balds occur on 3 soil 
types of the Porters-Ashe Soil Association while the 
remainder occur on the Stony Rough Land Associa- 
tion with 3 “soil material types” represented. A 
brief description of each of these soil types has been 
abstracted from the soil survey reports of the coun- 
ties in which the balds occur. 


A. Porters-Ashe Soil Association 

1. Burton Stony Loam (Andrews, Big, Big Yellow, 
Gregory, Jane, Parson, Roan Mountain, Round, and 
Soco Balds). 

The following is a typical profile: 

A, horizon :5 

0-16 in., dark grayish-brown to almost black 
friable loam with a high proportion of well-decom- 
posed organic matter. 

As horizon :6 

16-25 in., light-brown to brown or _ yellowish- 
brown friable loam to clay loam. 
B horizon: 

25+ in., brownish-yellow clay mixed with slightly 
weathered angular granitic and gneissic rock frag- 
ments (in the Smoky Mountains the parent rock is 
conglomerate, slate, and graywacke). 

This soil type occurs on moderate to steep (8° to 
17°) slopes. The A, horizon varies in thickness from 
10 to 20 in. and the Ag horizon from 4 to 20 in. The 
soil is strongly acid. The surface soil rests directly on 
the parent rock in some places. Angular rock frag- 
ments up to 10 in. in diameter, and oecasional boul- 
ders, occur on the surface and throughout the profile. 
Bedrock outcrops occur in places. 

*> Horizons have been designated by the author. 

6 Since it is current practice to designate an horizon as As 
only if it is a definite horizon of eluviation as indicated by 
lighter (grayer) colors and lower clay content (McCracken, 


pers. comm.), the lower A horizon of this and other profiles 
are more appropriately designated as Az. 
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2. Porters Stony Loam (Hooper Bald). 


A typical profile deseription is: 
A horizon: 

0-6 in., brown to light-brown friable loam. 
B horizon: 

6-21 in., moderately-brown friable porous clay 
loam. 
C horizon: 

21+ in., brown and gray partly weathered granitic 
and gneissi¢ rocks. 

This soil type oceupies moderate to steep (8° to 

17°) slopes. The soil is strongly to very strongly acid. 

3. Ramsey Stony Loam (High Spring, Little, 
Rocky Top, Silers, and Thunderhead Mountain Balds). 

A typical profile description is: 
A, horizon: 

0-4 in., gray or nearly black mucky loam. 
A; horizon: 

4-10 in., brownish-yellow friable loam. 
B horizon: 

10-22 in., brownish-yellow or yellowish-brown 
friable loam or light clay loam. 
C horizon: 

22+ in., decomposed conglomerate, graywacke, 
sandstone, slate, or schist. 

Fragments of bedrock are numerous on the surface 
and throughout the profile. 


B. Stony Rough Land Association: 

The following balds occur on areas which have 
been mapped as containing this association: Big 
Pisgah, Charley, Cold, Craggy Knob, Craggy Pinna- 
cle, East Rough Butt, Gage, Gage Gap, Indian Grave- 
yard, Mount Sterling, Rich Mountain Gap, Shining 
Rock Gap, Stratton, Tennessee, West Rough Butt, 
Wet Camp Gap, and Wolf. 

These are areas of Burton, Porters, or Ramsey 
soil materials occurring on steep to very steep (17° 
to 30°) slopes. They contain numerous large angular 
rock fragments and many bedrock outcrops. Little 
or no definite soil has formed in any of the areas. 
Parent material is variable. 


METHODS 

The soils of a representative sample of balds and 
fields and their adjacent forests were examined during 
the extensive survey. Soil pits were dug to the top of 
the C horizon and the profiles described by horizon. 
Soil samples were collected by horizon for mechanical 
analyses, pH, and loss-on-ignition determinations in 
the laboratory. For all of these determinations, 
duplicate samples of the 2 mm fraction were used. 
Mechanical analyses were made by the hydrometer 
method (Bouyoucos 1936) for determining the per- 
centages of sand (2.0 to 0.05 mm diam), silt (0.05 to 
0.002 mm), and clay (< 0.002 mm) particles. The 
fraction over 2 mm (stone, gravel) was calculated by 
weighing. Soil pH was determined using a Photo- 
volt Model 115 electronic pH meter on soil samples 
caged pasted with distilled water and soaked for 

r. 
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Soil samples collected by horizon under the 3 main 
vegetation types on Roan Mountain were analyzed 
chemically by the Soil Testing Division of the North 
Carolina Department of Agriculture. 


RESULTS 

Profile comparisons between bald and adjacent 
forest soils were made at 14 locations, and between 
field and adjacent forest soils at 7 locations. Four 
comparisons (Andrews, Gregory, Parson, and Round 
Balds) were made on Burton stony loam soil. Aver- 
age depth to the C horizon was only slightly greater 
under the balds (20 vs 19 in.). All the profiles 
showed general agreement with the description pre- 
sented above for Burton stony loam, except that the 
profile depth was somewhat less and the A horizons 
were of a sandy loam texture. A, horizons were dark 
grayish-brown to black under the balds, and dark 
gray to dark brown under the forests. A, and B hori- 
zons averaged a greater depth under the balds (6 vs 
4.5 in. and 10 vs 8 in., respectively) but the average 
forest Az was deeper (4 vs 6 in.). Litter and fermen- 
tation layers were relatively thick in the forest profiles. 
Large rock fragments and rock outcrops were equally 
common in all areas. There were no obvious profile 
differences between hardwood, ecotonal, and coniferous 
forest soils. 

One bald-forest comparison (Hooper Bald) was 
made on the Porters stony loam, and in this example 
soil depth to the C horizon was much greater under 
the bald than under the adjacent hardwood forest (40 
vs 20 in.). The A, horizons in both profiles were 
friable sandy loams, dark brown on the bald, dark 
grayvish-brown under the forest. L. and F. layers 
were relatively thick in the forest profile. No Ag 
horizon was recognizable in either profile. The B 
horizons differed only in depth, the bald one being 
considerably deeper (26 vs 15 in.). 

One comparison (Thunderhead Mountain Bald) 
was made on the Ramsey stony loam type. The bald 
soil was considerably deeper than that under the adja- 
cent hardwood forest (17 vs 11 in.) due to thicker 
A, and B horizons. Only the A, horizons differed in 
appearance. These A, horizons also differed from the 
profile description presented above for this soil type. 
The A, horizon on the bald was a medium-light gray 
sandy loam with many fragments of slate, whereas 
the forest A, was a dark brown, humus-rich sandy 
loam with many large surface rocks. The forest pro- 
file contained relatively thick L. and F. layers. 

Five comparisons (Big Pisgah, Craggy Pinnacle, 
East Rough Butt, Shining Rock Gap, and Tennessee 
Balds) were made on soils which have been mapped as 
Stony Rough Land Association. The soil of all of 
these areas differed from that of the survey descrip- 
tion for the association in that some depth of soil, 
together with a profile development, was present at 
all sites. Average depth to the C horizon was greater 
under the balds than under forests (20 vs 16 in.), with 
a range of 8 to 29 in. for the balds and 6 to 27 in. for 
the forests. Average thickness of both A, and B 
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TaBLE 4. Values for % loss-on-ignition, and pH of soil from balds and fields, and their adjacent forests, by 






































horizon. Values are the means of duplicate determinations of the 2 mm soil fraction. 
Loss-on-IGNITION | PH 
= = ; eee eee. 
| Bald | Forest Bald Forest 
mes 4 et oe eee ented ene a. ae = Gere Geraae Gees i 
Location } Ai A; B Ai As B A, | As B A; | As B | Type* 
| —_—_—_|——|—_—]__ |] —- —|} —_-— ia 
Balds | | 
Angeewn mald.............. .| 15.8 | 10.9} 5.1] 16.6] 11.5] 7.8 | 4.0 | 4.3 | 4.6 | 4.3 | 4.6 | 4.6 E 
Raews Pala... .............. 22.4 | 12.6} 9.0 3.6 | 4.2 | 4.3 C 
Big Pisgah Bald............ | 22.1 | 18.3 | 12.3 | 19.3 | 14.2] 8.2 | 4.7 | 4.9 | 4.9 | 4.3 | 4.8 | 4.5 H 
eS | 16.8} 11.0| 6.4 | 15.6] 11.8] 7.1 | 4.1 | 4.2 | 4.5 | 3.8 | 4.2 | 4.4 H 
OS | |) 28.6 | 18.3 | 9.4 | 39.5 | 23.9 | 22.9 | 4.2 4.5 | 4.6 | 4.3 | 4.6 | 4.3 H 
Shining Rock Gap B......... .| 25.5 | 13.2 | 6.3 | 70.8 | 19.0 | 11.5 | 4.3 | 4.7 | 5.0 | 3.2 | 4.2 | 4.7 C 
Tennessee Bald........... ...| 17.2] 8.7] 8.4 | 28.6] 19.8] 8.6] 4.1 | 4.4 | 4.5 | 3.9 | 4.2 | 4.4 E 
Thunderhead Mtn. B......... | 8.1] 6.3] 6.4] 15.1 9.8] 5.8 | 3.5 | 3.8 4.4] 4.3 | 4.0 | 4.3 H 
Fields | 
Crabtree B. (field)... .... ....| 25.4 | 16.7 | 10.2 | 42.8 | 16.5 | 8.7 | 4.7 | 4.8 | 4.9 | 3.8 | 4.7 | 4.8 H 
Round Bald (recent)....... .| 22.5 | 14.0] 9.1) 19.7 | 18.4} 6.6 | 4.4 | 4.5 | 4.6 | 4.4 | 4.6 | 4.6 C 
DOMED: ols sn ce ube cke | 22.4 | 12.4 | 10.1 | 24.8 | 17.8 | 11.8 | 3.8 | 4.0 | 4.4 | 3.7 | 3.6 | 4.4 H 
| | 

















*H—hardwood; C—coniferous (spruce-fir); E—ecotonal. 


horizons was greater under the bald (7 vs 3 in. and 9 
vs 6 in. respectively), whereas the Ag was thicker 
under the forest (4 vs 5 in.) due to no Ag being 
recognizable in 3 of the bald profiles. Large rock 
fragments, with outcrops of rock, occurred in all 
areas. As with the previous soil types, the only ob- 
vious differences between bald and adjacent forest 
profiles were the relatively thick L. and F. layers 
in the forest profiles, greater soil depth under the 
balds, and slight differences in color in the A, hori- 
zons, with that of the balds usually, but not consist- 
ently, the darker. 

Thus, there appear to be only slight differences in 
soil depth and in color of the A, horizon between 
balds and their adjacent forests. It is doubtful 
whether the profiles under the balds are sufficiently 
distinct from those under adjacent forests to be de- 
scribed as a “grassland type” (Cain 1931). 

The soil profiles of 7 fields were generally very 
similar to those of their adjacent forests. 

Results of mechanical analyses of soils by horizon, 
from a representative sample of balds and fields, and 
their adjacent forests showed relatively small and 
inconsistent differences in soil texture between the 
different vegetation types. With but 2 exceptions, all 
of the soils were of sandy loam or loamy sand texture. 
It would appear improbable, therefore, that differ- 
ences in soil texture are of importance in accounting 
for the presence of the balds. This assumption is 
strengthened by the fact that the variation in texture 
classes is greater between different balds than between 
balds and their adjacent forest soils. Also, differences 
between bald and adjacent forest soils, e.g., on Greg- 
ory Bald are no greater than those between fields 
such as Crabtree and their adjacent forest soils. The 
differences between the old and recent portions of 
Round Bald are also of a small order. Variation 
in the over 2 mm fraction is considerable, but so 
inconsistent as to discount its significance in determin- 
ing the differences in vegetation. 





Soil pH values by horizons, from balds and fields, 
and their adjacent forests are included in Table 4. 
The results show that the bald soils are generally 
slightly less acid than those of their adjacent forests. 
However, there are some exceptions to this generaliza- 
tion, and the differences tend to be small and probably 
are the result of the vegetational differences rather 
than a cause. With but 4 exceptions, all of them 
forest soils, there is an increase in pH with depth, 
but again the changes are of a small magnitude. The 
values for hardwood and coniferous forest and bald 
soils on Roan Mountain are all very similar. These 
results do not correlate with values for pH presented 
for the major vegetation types of the Smoky Moun- 
tains by Cain (1931). There, Cain found that pH 
of the surface soil of grass balds ranged from 43 
to 6.0, the surface soil of hardwood forest (beech 
orchard) ranged from 4.2 to 4.8, while the spruce-fir 
surface soil ranged from 2.9 to 4.3. Subsoil (6 in. 
depth) samples gave values of 4.5 to 5.9 for grass 
balds, 4.4 to 4.7 for beech orchards, and 3.0 to 4.4 
for spruce-fir forests. There is good agreement be- 
tween spruce-fir values in the two studies, but Cain’s 
values for both grass bald and hardwood forest are 
generally higher than those obtained in the present 
study. Since Cain did not present values for specific 
localities, nor name the balds from which samples 
were taken, and since a different type of apparatus 
was used to make the determinations, a more detailed 
comparison of the results is not possible. 

Loss-on-ignition values from balds and fields, and 
their adjacent forest soils, by horizon, are included in 
Table 4. These values provide only a rough estima- 
tion of the organic matter content of soils, since the 
treatment drives off combined water and decomposes 
any carbonates present, but it “seems to be suitable 
for approximate analyses on highly organic soils” 
(Broadbent 1953). A comparison of loss-on-ignition 
values for soils of 3 vegetation types in the Roan 
Mountain area (Round Bald in Table 4) with chemi- 
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TaBLE 5. Results of chemical analyses of soil, by horizon, from 3 vegetation types in the Roan Mountain area. 















































Depth | CEC | Ex. Ca | Ex. Mg| Ex. K | Ex.Na| NO; , O.M 
Vegetation Type | Horizon | (inches) |me/100g/me/100g}me/100;;| ne/100g|me/100g}me/100g) ppm % pH 
Spruce-fir forest....) Ai 2- 6 54.15 0.25 2.45 0.200 | 0.040 0.50 8.0 8.8 4.4 
A; 6-14 23.55 0.32 0.68 0.050 | 0.060 0.50 6.0 4.9 4.6 
B 14-23 12.60 0.12 0.26 0.025 | 0.060 0.25 14.0 Se 4.6 
Hardwood forest...) Ay 2- 7 59.35 0.05 4.00 0.605 | 0.155 4.78 7.0 21.0 4.3 
A; (high)| 7-12 40.00 0.12 1.65 0.200 | 0.088 1.25 aco 12.4 4.6 
A; (low)| 12-16 37.80 0.12 0.55 0.170 | 0.088 1.50 3.5 13.0 4.3 
Grass bald........ Ai 0- 8 39.25 0.12 0.55 0.175 | 0.115 0.50 3.0 14.0 4.2 
A; 8-11 32.15 0.12 0.84 0.085 | 0.088 | 0.25 3.5 | 64 | 46 
B 11-21 | 15.95 | 0.05 | 0.95 | 0.080 | 0.060 | 0.50 | 3.0 | 2.7 | 4.6 
. Beas ach om at ye | | iy 1 
Constituent Method of Determination 
CEC, Ex. Ca, Mg, K, Na......... 1.0 N NH,Ac Extr. (1) 
0. SS AeA wen H.SO,-Na2Cr.0; (1) 
A eee peer Phenodisulfonic acid method on H.O Extr. (2) 
ROR ie fee rs Ranh ker Pe as HCI-H.SO, Extr. (2) 
BN eran toes han auksweae ets Photovolt electronic pH meter 
idinianeee 


(1) Peech, M., L. T. Alexander, L. A. Dean, & J. F. Reed. 1947. 
(2) North Carolina Soil Testing Division, 1956. 


cally determined values for organic matter of the 
same soils (Table 5), indicates that loss-on-ignition 
values are 2 to 3 times greater than those obtained by 
chemical methods. However, these latter values may 
be less accurate than those obtained from loss-on- 
ignition, since conversion factors applied to allow for 
both proportion of carbon recovered and carbon con- 
tent of the organic matter have been found to be in 
error for many soils (Broadbent 1953). Loss-on- 
ignition results at least provide an indication of the 
relative amounts of organic matter present in the soil 
samples, thus demonstrating any significant differences 
in organic matter content between bald and forest 
soils. 

The results show no consistent differences in loss- 
on-ignition values between bald and adjacent forest 
soils, although those for forest soils tend to be higher 
than for bald soils. In some cases (Andrews and 
Gregory Balds) the differences are small, but in others 
(Shining Rock Gap Bald) they are of a relatively 
large order. 

The results of the chemical analyses of soil sam- 
ples by horizon, from 3 vegetation types in the Roan 
Mountain area (coniferous forest, hardwood forest. 
and grass bald) are presented in Table 5. 

The results in general indicate small and probably 
insignificant differences among the soils of all 3 
vegetation types. Levels of exchangeable bases are 
relatively low in all horizons of all profiles. Ex- 
changeable magnesium content is relatively high, 
especially in the profiles under forest, and consist- 
ently exceeds the relatively small amount of ex- 
changeable calcium. These soils thus possess some 
of the properties of serpentine soils as described 
by Walker (1954). Exchangeable calcium is espe- 


cially low in the profile under the bald. Exchange- 
able potassium is relatively high in the A, horizon 
of the hardwood forest soil. 


The relatively low 





values for total exchangeable alkali and alkaline 
earth cations (Ca, Mg, K, Na) compared with the 
much higher values for cation exchange capacity, 
probably results from contributions of the very high 
organic matter content to measured exchange capacity. 
Both cation exchange capacity and organic matter 
content are relatively high in the B horizons, with 
values for the forests higher than those for the bald. 
Phosphorus is in relatively small amounts, except for 
the B horizon of spruce-fir forest soil where the high 
value may be related to a difference in mineral con- 
tent of the underlying gneiss on the sampling site. 
It is possible that the lower carbon-nitrogen ratio of 
organic matter in the deeper soil layers accounts for 
the nitrate-nitrogen values remaining high in the B 
horizon even when the organic matter content is con- 
siderably lower than in surface horizons. The low 
values for exchangeable bases suggest that the clay 
may be of the kaolinite or gibbsite types (McCracken, 
pers. comm.). 

These resulis indicate that the soils from all 3 
vegetation types are highly leached, and in general, 
have essentially similar chemical properties. 


Sor, MIcROFUNGAL COMPOSITION OF 
GreGorY Bap Soin 

A study of the microfungal composition of Greg- 
ory Bald soil was made by Orpurt while studying the 
microfungal distribution of midwestern prairies (Or- 
purt & Curtis 1957). Results of the Gregory Bald 
study showed that “in comparison with prairie soils 
the number of fungi was relatively high while at the 
same time the number of Actinomycetes was low. 
This very likely can be attributed to the pH of the 
bald soil which is quite acid. Actinomycetes ap- 
parently are favored by an alkaline pH while fungi 
are favored by acid soils. Of the fungi found (using 
the dilution plate method) in the bald soil, the: 

















310 


Mucorales and Penicillia are most frequent. There 
is a noticeable absence of Aspergilli. This array of 
fungi and Actinomycetes is quite similar to the com- 
position of forms found in the soils of hardwood 
forests of eastern United States. It was the tentative 
conclusion of this very limited study that the micro- 
fungal flora of Gregory Bald is very similar to that 
found in forested areas and not typical of the prairies 
of North America” (Orpurt, pers. comm.). 


MICROENVIRONMENTS OF ROUND BALD AND 
ADJACENT FORESTED AND CLEARED AREAS 

Many of the theories which have been proposed to 
explain the presence of the balds in the region are 
based on environmental considerations, although no 
instrumental studies have been made to support or 
discount these theories. Such a study appeared to 
be necessary, therefore, before a satisfactory explana- 
tion for the balds could be offered. Additional pur- 
poses of the study were, firstly, to characterize the 
bald environment, secondly, to compare the environ- 
ment on a bald with that under adjacent hardwood 
and coniferous forest canopies, and thirdly, to com- 
pare the bald environment with that of an area re- 
cently cleared of hardwood forest below the altitude 
of the bald where hardwood forest species are be- 
coming re-established, and with an area recently 
cleared of spruce-fir forest above the altitude of the 
bald where these species are being re-established. 
Because of the time involved in servicing environment- 
recording stations and the desirability of obtaining 
data for comparable periods, the study had to be 
restricted to a relatively small area in which the 
necessary site types were available. The Roan Moun- 
tain area was the most suitable one for such a study. 


METHODS 

Nine stations were established to study micro- 
environments on Round Bald and on adjacent forest- 
ed and cleared sites in the Roan Mountain area (Fig. 
5). A description of the stations is presented in 
Table 6. Data were collected from October 29, 1956, 
until November 17, 1957. Daily records were taken 
during the period June 6-September 14, 1957, and 
for 2 short periods in the winter and early spring 
of 1957. 

Three Taylor Sixes-type maximum and minimum 
registering thermometers were installed at each of the 
9 stations for measuring air, lower-air, and soil tem- 
peratures, for the period October 29, 1956-September 
14, 1957. Measurements were taken at infrequent 
intervals until June 6, 1957, when daily observations 
were commenced. 

For recording air temperatures, the thermometers 
were mounted on the north side of a wooden stake, 
with the sensitive bulb 20 em above ground level, 
and protected from insolation with an improvised 
aluminum screen. A comparison of air temperatures 
recorded under these conditions with those in a stan- 
dard weather shelter was conducted at Duke Uni- 
versity for the period September 30-December 13, 





A. F. Marx 





Ecological Monographs 
Vol. 28, No.4 





Sen SPRUCE FIR FOREST = GRASS BALD 


RS 


Ree 
“3&3 HARDWOOD FOREST 





GRASS (DEFORESTED) 


Fig. 5. Vegetation and topographic map of the Roan 
Mountain area showing the location of the 9 environment 
recording stations. Contours appear as solid lines, roads 
as broken lines. Map is based on portion of T.V.A. 
aerial photograph 208 415 116, flown April 12, 1954, 
and T.V.A. Carvers Gap Quadrangle, 7.5 minute topo- 
graphic map. Approximate scale is 1 in.: 0.25 mi. 


TABLE 6. Details of the environment-recording sta- 
tions in the Roan Mountain area. 





j T | T ] 














Stat. | Alt. | | 

No. Location! ft.) | Aspect! Topography Vegetation 
1 Roan High Knob}6,280|} © | Flattish summit | Grass(deforested) 
2 Roan High Knob 6,270} W | Gentle (5°) slope | Spruc>-fr forest 
2a? | Carvers Gap 5,500; O Flat ground Spruce-fir forest 
3 Round Bald 5,825} O | Flattish summit 16 x “m Spruce- 

| | fir plantation » 

q Round Bald 5,825] O Flattish summit | Grass bald 
5 Round Baid 5,70(} N | Moderate (11°)slop2 Grass bald 
6 Round Bald*® 5,66€| N Moderate(14°) slope | Hardwood forest 
7 Round Bald 5,65(| 8 Steep (23°) slope Grass bald 
S Round Bald® 5,61} § | Steep (28°) slope Hardwood forest 
9 Round Bald? 5,100} S | Steep (25°) slope Grass(deforested) 











1For exact location see Fig. 5. 

2Station 2a was substituted for Station 2 during the winter. 

3 Lower slopes. 

1957. The results showed that the 20 em maxima 
exceeded the shelter maxima by 0° to 8° over a 49° 
range in shelter maxima (27° to 76°), while the 20 
em minima were lower than the shelter minima by 0° 
to 3° over a 49° range in the shelter minima (12° 
to 61°). 
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Lower-air temperatures were recorded at 2 em 
above ground level, the instruments being protected 
from insolation with a horizontally-placed 11 x 8 
x 14 in white screen mounted to lie 8 em above, and 
centered over the sensitive bulb of the thermometer. 

Soil temperatures were recorded at a depth of 2 
em by placing the thermometer in an improvised 
aluminum casing of the same shape as the thermom- 
eter, and open at one end for removal of the latter, 
and was so placed in the ground that the sensitive 
bulb of the thermometer within was 2 em below the 
ground surface. The open end of the container, 
which was plugged with glass wool, led into a small 
pit which was filled with excelsior and covered with 
a board and turf (see Billings, Humphreys & Darling 
1954: Fig. 8). The pit allowed extraction of the 
thermometer from the casing with a minimum of 
temperature change when a reading was to be taken. 

Moeller 3-lead, distance-recording thermographs 
were used to record continuous air (20 em), lower- 
air (2¢m), and soil (—2 em) temperatures at Stations 
2a, 3, 4, 6, and 8 between January 22 and 29, 1957. 
The exposed elements at the upper levels were pro- 
tected from insolation by a set of aluminum shields 
improvised and described by Billings, Humphreys 
& Darling (1954). The sensitive element in the soil 
was buried to the required depth. 

Bendix-Friez totalizing 3-cup anemometers were 
used to record wind velocities at the following stations 
for the indicated periods during 1957: 


Period Stations 
oS ae 32 £ ©} 6 FT & 
Jan, 22-29 x xX Xx Xx 
Mar. 24-30 x xX & X Xx 
June 6-Aug. 21 xX xX X Xx x 
Aug. 22-Sept. 14 X x wR X 


Station 1, located near one end of a 25 X 16 m 
forest clearing, was unsuitable for wind measurements 
because of the protection afforded it by the surround- 
ing forest. The anemometers were mounted vertically 
with the cups centered at 85 em above ground level. 
Daily records and some spot measurements were made 
during the operating period. 

A Short and Mason hand anemometer was used to 
take spot wind measurements at a height of 50 em, 
at 70 points in and around the small spruce-fir plan- 
tation near the summit of Round Bald. This study 
was designed to determine the effect of this 20-yr-old 
plantation on the wind velocity in its immediate 
vicinity. The 70 sample points were laid out on a 
grid system, with points varying from 8 m apart on 
the boundary to 2 m apart near the center (Fig. 8). 
The effect of this plantation on the prevailing wind 
(NNW) was measured during 7 periods of low wind 
specds (2 to 5 m.p.h.) when velocities were relatively 
constant, 

Improvised rain gages with funnels 2.85 in. in 
diameter and the opening 30 em above ground level 
were installed at the open stations (1, 4, 5, 7, and 9) 
for the period June 6-Nov. 17, 1957. Daily records 
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were taken up to Sept. 14 and then at irregular 
intervals. 

A Livingston black bulb and white bulb atmom- 
eter? was placed at each of the 9 stations for the 


period June 6-Sept. 13, 1957. The atmometers were 
fitted with mereury rain-proofing valves and cen- 
tered at 35 cm above ground level. The only main- 
tenance necessary was an occasional renewal of the 
rain-proofing valves and periodic surface steriliza- 
tion of the bulbs with dilute mercurie chloride solu- 
tion. Because of the relatively slow rates of evapo- 
ration, readings were made only at 3-day intervals. 

A study of soil moisture availability in the upper 
10 em of soil was made at the 9 stations during the 
period June 9-Sept. 13, 1957. Only the upper soil 
layer was studied since this is the region most critical 
for seedling establishment. Triplicate soil samples 
were taken with a sampling tube at 3-day intervals 
for oven drying (105°C). The results were related 
to soil moisture tension curves for the upper 10 em 
of soil at each station, which were used as a means of 
expressing water availability as soil moisture tension 
values at each station throughout the warm season. 
The soil moisture tension curves for each station (Fig. 
9) were determined in the laboratory using triplicate 
samples according to the method outlined by Richards 
(1949). Undisturbed soil samples, taken in the field 
with an 11 X 6.6 cm diameter metal cylinder, were 
used to determine water content at saturation, and at 
tensions of 44 and 1 atm, while disturbed samples 
were used for the 4 and 15 atm tensions. A porous 
plate apparatus (Richards & Fireman 1943) was used 
to establish the 44 and 1 atm tension values, while a 
pressure membrane apparatus (Richards 1941) was 
used to establish values for 4 and 15 atm tensions. 

Bulk density values of the upper 10 em soil at 
each of the 9 stations were determined. Undisturbed 
soil samples were removed with an 11 xX 6.6 em diam- 
eter metal cylinder, open at both ends. The soils were 
then oven dried and weighed. Bulk density (volume- 
weight) data are useful in determining the degree of 
compaction of the soil, which may affect rates of 
infiltration from rainfall (Diebold 1953). 

Loss-on-ignition determinations were made on the 
2 mm fraction of soil from the upper 10 em at each 
station. These values would give only an estimate of 
the organic matter content of the soil at each station, 
because of the limitations of this method, previously 
discussed. 

RESULTS 
GENERAL WEATHER CONDITIONS 

A valid criticism of short-period environmental 
studies in the attempted solution of ecological prob- 
lems is that they can never be definitive. However, 
they are of considerable value in comparing the en- 
vironments of different microsites. The usefulness 


7 For a period of 45 days prior to their use in the field and 
30 days following field use, calibration constants of all the 
atmometers were checked by operating them in a_ uniformly 
heated, dark room. Most of the atmometers required recalibra- 
tion, and new correction coefficients were calculated on the 
basis of unused bulbs. There was relatively good agreement 
of the coefficients for individual atmometers before and after 
their field use. 
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TABLE 7. Extreme maximum and minimum air (20 em), lower-air (2 em), and soil (—2 em) temperatures (°F) 
for periods of varying duration, ending AM of date given, for the stations in the Roan Mountain area; October 


29, 1956-June 6, 1957. 





Arr (20 cm) TEMPERATURES 
































































































































Nov. 24 Dec. 16 Jan. 23 Jan. 28 Mar. 24 | Mar. 30 Apr. 27 May 11 June 6 

Station ite, HRESS Pes; Eas | “= wad 

| 
Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. Min Max. | Min. Max. | Min. | Max. | Min. | Max. | Min, 
Sark okeesn i sankanebwer 64.0 1.5 | 59.5 7.5 | 54.5 |—6.0 | 45.0 | 13.0 age 0 | 5.0 49.5 16.5 | 80.0 | 11.5 | 80.5 | 24.0 | 80.5 | 31.5 
Dee NedneSethecines vscnvwenn 55.5 2.0 | 54.5 9.0 | 47.0 |—4.5 | 45.0 | 14.5 oT 8.5 | 38.0 | 18.0 | 65.5 | 15.0 | 64.5 | 26.5 | 66.5 | 36.0 
Deere cic ch nccasucesbans sees 67.0 | 27.5 | 70.0 | 36.5 
1S eee pepper 65.5 3.0 | 62.0 | 10.0 | 55.5 |—5.0 | 48.5 | 13.0 51.5 | 19.5 | 79.5 | 12.0 81.0 | 26.0 | 81.5 ; 36.0 
Boal Sapbossee ...| 64.0 | 4.0 | 61.0 | 16.0-] 56.5 |—5.0 | 48.5 | 12.0 | 64.0 aol 7 7.0 | 51.5 | 17.5 | 77.5 | 11.5 | 77.5 | 25.0 | 80.0 | 36.5 
By aehice wa cenbetss ; ...| 61.0} 2.0 | 58.0] 8.0 | 54.5 |—4.0 | 50.0 | 13.0 | 61.5} 6.0 | ee 18.5 | 81.0 | 11.5 | 79.0 | 24.0 | 86.0 | 37.0 
fy Ee er Ae 71.5 | 3.0] 70.5 | 10.0 | 58.0 |—4.0 | 53.5 | 13.5 | 66.0 8.5 56.0 | 18.5 | 84.5 | 12.0 | 85.0 | 26.0 | 84.0 | 39.0 
Bec casewasinsteze esse] 71.0 | 5.0 | 72.5 | 11.0 | 55.0 |—1.0 | 52.0 | 14.5 | 68.5 | 9.0 | 58.5 | 19.0 | 81.0 | 14.0 | 82.0 | 24.5 | 82.0 | 41.0 
De oe snsaebuss nantaoeee 74.0 | 6.0 | 72.5 | 6.5 | 59.5 | 0.0 | 55.5 | 16.5 | 66.5 | 12.0 | 61.5 21.0 | 82.0 | 15.0 | 82.0 | 28.0 | 82.5 | 39.5 

| | 

Lower-alr (2 cm) 1EMPERATURES 
oe ee ee = | 
SES Pe re: 71.5 | 7.0 | 69.5 | 9.0 | 52.5 |—5.5 | 44.5 12.5 | 61.5 | 6.0 | 48.5 | 17.0 | 84.0 | 12.0 | 80.5 | 24.0 | 81.0 | 31.0 
re ee ook pane caean 54.5 | 13.5 | 51.0 | 13.0) — — | 45.0} — | 49.0 | 12.0 | 38.0 f 20. 5 | 63.5 | 17.0 | 63.5 | 27.0 | 64.0 | 39.0 
RE Oe: | | | 63.5 | 26.0 | 68.0 | 40.0 
ene eee e 64.5 | 14.0 | 64.5 | 15.5 | 54.5 |—4.5 | 48.0 | 16.5 | 64.0 | 6.0 | 52.0 | 21.0 | 82.0 | 14.0 | 80.5 | 26.0 | 81.5 | 35.0 
Desde Soudonkuesdo ss sasekuuk 64.0 7.5 | 60.0 | 15.5 | 55.5 |—4.5 | 48.0 | 16.5 | 58.5 | 11.5 | 48.0 | 21.0 | 74.0 | 14.0 | 73.5 | 27.0 | 76.0 | 38.0 
SES Ferre pres 56.5 | 9.0 | 55.5 | 14.5 | 53.0 |—4.5 | 48.5 | 18.5 | 53.5 11.0 45.0 | 22.0 | 74.5 | 16.0 | 75.0 | 27.0 | 74.0 | 39.5 
Pes hdick bce semanas sleet 71.0 | 11.0 | 69.5 | 11.5 | 57.0 |—3.5 | 51.0 | 14.0 | 62.5 | 8.0 | 53.0 | 20.0 | 77.0 | 13.0 | 79.0 | 25.0 | 79.0 | 36.5 
Pee nis pans taessiesssnen 68.0} 9.0 | 68.5 | 15.0 | 55.0 |—3.5 | 47.5 | 20.0 | 64.0 | 14.0 | 52.0 | 20.5 | 77.5 | 16.0 | 76.5 | 27.5 | 77.5 | 43.0 
EEE SP Oeee ee PPP OLE eT EET 78.5 | 8.0 | 67.5 | 14.0 | 59.0 |—1.5 | 51.5 | 18.5 | 63.5 | 14.5 | 56.0 | 23.0 | 75.0 | 17.5 | 76.5 | 29.5 | 82.0 | 39.0 
| | | | | 
Sor (—2 cm) TEMPERATURES 
| Nl os ins ox. 

60.5 | 31.0 | 46.0 | 28.5 | 40.5 | 22.5 | 37.0 | 31.5 | 51.0 29.0 | 44.0 | 30.5 | 69.5 | 31.0 | 69.5 | 35.0 | 76.0 | 42.0 
52.0 | 30.0 | 46.0 | 42.0 | 38.5 | 26.0 | 40.5 | 30.0 | 45.0 | 27.0 | 34.0 | 31.0 | 59.0 | 28.0 | 58.0 | 34.0 | 55.5 | 40.0 
| 59.5 | 35.5 | 58.5 | 43.5 
56.0 | 32.0 | 47.0 | 27.5 | 39.5 | 24.0 | 37.5 | 31.5 48.0 | 27.0 | 44.5 | 32.0 | 65.0 | 32.0 | 65.0 | 36.5 | 69.5 | 44.0 
58.0 | 27.0 | 50.0 | 23.5 | 39.0 | 25.0 | 45.5 | 28.0 | 51.5 | 21.0 | 48.0 | 26.5 | 74.0 | 25.5 | 77.0 | 34.0 | 77.5 | 39.5 
53.0 | 31.0 | 47.0 | 20.0 | 40.0 | 25.0 | 41.0 | 30.5 | 51.0 | 27.0 | 43.0 30.5 | 68.5 | 30.5 | 66.5 | 36.0 | 72.5 | 42.0 
70.5 | 31.0 | 55.0 | 29.0 | 41.0 | 26.0 | 43.5 | 31.0 | 58.0 | 28.5 | 4 7.5 | 30.0 | 65.5 | 32.0 | 69.0 | 36.0 | 75.5 | 42.5 
65.0 | 36.0 | 55.5 | 31.0 | 40.5 | 27.0 | 44.0 | 31.0 | 57.0 | 31. 5 | a 0 | 32.5 | 65.0 | 33.0 | 66.0 | 37.5 | 72.5 | 44.0 
— — | 67.5 | 26.0 | 43.0 | 28.5 | 46.0 | 31.0 | 59.5 | 32. 0 | 58.0 | 32.0 | 83.5 | 30.5 | 87.5 | 35.0 | 91.5 | 44.0 

| | 


























of such short-term studies in characterizing the “nor- 
mal” environment of the sites can be improved by 
determining, for the study period, the deviation of 
climatic values at nearby standard weather stations 
from their long-term means. The factors for which 
it was possible to determine such deviations were 
compiled for the Asheville, Banner Elk, and Mount 
Mitchell weather bureau stations (Mark 1958). 

The deviation values show considerable variation 
between the 3 stations. However, they do indicate 
that temperatures for December, 1956, and February, 
1957 were considerably above normal, those for April, 
1957 slightly above, while for the remaining 9 months, 
temperatures did not deviate markedly from normal. 
According to the general weather summary of North 
Carolina for the observation period (U. S. Weather 
Bureau, 1956-1957), unseasonably warm weather oc- 
curred between January 21-31, which was the period 
when continuous temperatures were recorded in the 
Roan Mountain area. During the second period of 
winter observations (March 24-30, 1957), however, 
“temperatures were consistently normal or a little 
below.” 

















Precipitation was abnormally high during June, 
when Mount Mitchell recorded the second _ highest 
amount in 26 yrs (7.65 in. above normal), and Roan 
Mountain (T.V.A. #231) recorded the highest amount 
for the 20-yr observation period (5.93 in. above nor- 
mal). During July, however, precipitation and nun- 
ber of rainy days were abnormally low. Mount 
Mitchell recorded the fourth lowest amount for the 
past 26 yrs (3.83 in. below normal), and Roan Moun- 
tain the third lowest for the last 20 yrs. (3.24 in. 
below normal). No rain fell on Roan Mountain be- 
tween July 2-14, 1957. The general weather sun- 
mary for this month states that average precipitation 
was less than that of the previous reecord-dry July of 
1932 in the mountain division. August precipitation 
was also considerably below normal, especially at the 
higher altitudes, with Mount Mitchell recording its 
third lowest amount in 26 yrs (6.50 in. below normal). 
Roan Mountain precipitation was 0.92 in. below its 
20-yr normal for this month. September precipita- 
tion was considerably above normal. 

Despite the abnormally low precipitation in late 
summer, drought conditions did not prevail in the 








ot Ge oo a Ge ee ee le 0 


at Gh eae a Gee ch: ee OM Ok 


oe On =~ OR Or co 6.5 AO eee t 


— pay 


a he OOOO SOD 


_— 


AS 


—Ss =) ee he 














October, 1958 


Tue EcoLoGy oF THE SOUTHERN APPALACHIAN GRASS BALDS 





313 


TaBLE 8. Average maximum, minimum, and mean monthly temperatures (°F) at air (20 em), lower-air (2 


em), and soil (—2 em) levels for 9 stations in the Roan 


Mountain area; June 7-September 13, 1957. 



























































Mean Monruaty Arr (20 cm) TEMPERATURES 
June (24 days) July (31 days) Aug. (25 days) Sept. (13 days) 
Station 

Max. Min Mean Max Min. Mean Max. Min. Mean Max Min. Mean 
eee 74.5 49.8 62.1 75.7 46.0 60.7 73.5 44.8 59.0 73.5 49.3 61.3 
g's: 60.9 51.4 56.1 62.6 50.9 56.7 61.1 49.0 55.1 62.5 52.3 57.5 
Briss isis 64.4 52.5 58.3 66.5 51.6 59.0 65.1 50.1 57.3 67.3 53.5 60.4 
ar 73.8 61.5 62.4 75.4 49.6 62.5 71.4 48.7 60.1 73.1 §2.2 62.8 
BAe 3 73.4 51.0 62.1 74.3 49.4 62.0 71.1 48.4 59.9 72.9 52.5 62.6 
ae 66.3 52.4 58.9 66.2 52.4 59.1 63.4 50.6 56.9 65.4 54.1 59.8 
ere 76.9 52.1 64.4 80.0 50.7 65.0 77.4 49.2 63.2 78.6 53.0 65.6 
See 63.9 52.6 58.2 72.6 51.8 62.2 73.6 49.8 61.7 73.3 52.8 62.9 
Sane 82.0 52.6 67.3 86.5 49.7 68.3 85.3 47.3 66.3 86.6 51.5 69.1 

| 

Mean Montuiy Lower-air (2 cm) TEMPERATURES 
eee 74.5 50.3 62.4 79.4 46.8 63.1 79.6 44.4 62.0 77.5 49.4 63.4 
Besse 60.9 50.9 55.9 63.0 50.8 56.9 61.3 49.0 55.3 63.9 51.9 57.9 
ee 63.0 52.2 57.6 65.5 51.7 58.5 64.6 50.1 57.3 66.3 53.5 59.8 
Bertie aay 74.7 51.5 62.9 78.1 48.7 63.0 76.4 47.4 61.9 77.5 §1.2 64.2 
Bie sss 72.2 52.6 62.3 74.5 50.6 62.5 73.3 49.3 61.3 73.5 52.3 62.8 
er 52.0 57.8 65.1 51.8 58.5 62.9 50.6 56.6 65.5 53.4 59.4 
ete cae 71.9 52.6 62.2 78.5 §1.1 64.6 76.5 48.9 62.7 75.5 53.5 64.6 
eee 62.5 53.1 57.8 69.5 52.8 61.0 69.1 51.3 60.2 y Gi 54.4 62.7 
| eee 80.4 54.0 67.2 84.6 §1.2 67.6 83.1 48.1 66.1 83.1 51.9 67.4 

Mean Montuty Sort (—2 cm) TEMPERATURES 

| | | 

Besa 68.4 54.4 61.4 71.3 | 53.9 62.2 | 69.7 | 52.1 61.0 69.2 53.6 61.4 
eee 57.4 51.6 54.4 58.3 51.9 55.1 57.2 50.6 53.9 58.7 53.4 56.0 
Bees acted 57.9 52.9 55.4 59.2 53.4 56.1 57.8 52.0 55.0 58.6 53.8 56.2 
ee 67.6 55.9 61.7 69.3 55.9 62.6 66.8 54.4 60.9 66.8 56.0 61.4 
Beets basen 72.0 54.3 63.2 75.0 54.4 64.7 73.8 53.2 63.3 72.8 54.8 63.8 
ae 59.7 53.6 56.6 60.4 53.7 57.0 58.9 52.2 55.4 61.0 54.2 57.7 
i 67.3 55.8 61.5 72.5 56.3 64.3 73.9 55.8 | 64.7 @2-1 57.0 | 64.5 
ser 60.8 54.1 57.3 64.9 54.7 59.7 65.3 53.9 | 59.5 64.6 55.1 | 59.8 
ee 82.7 59.0 70.8 87.2 68.3 | 72.7 82.6 57.1 | 69.8 83.2 58.0 | 70.6 





























Roan Mountain area. The dry weather of the first 
half of August, following a record-dry July, was 
extremely detrimental to agricultural crops in the 
region, according to the weather summary. The 
heavy precipitation during early summer probably 
accounts for drought conditions failing to develop on 
Roan Mountain during the low precipitation period 
from midsummer to early autumn. 


TEMPERATURE 

Values for extreme maximum and minimum air 
(20 em), lower-air (2 em), and soil (—2 em) temper- 
atures for periods of varying length between October 
29, 1956, and June 6, 1957, are presented in Table 7. 
Daily records of maximum, minimum, and mean air 
temperatures at the same levels for the period June 
7-Sept. 13, 1957, are presented as monthly means in 
Table 8. 

Station 1 in the area cleared of spruce-fir forest, 
almost without exception, had the lowest air temper- 
ature minima. They averaged about 3.5° lower than 
the minima on the summit of the bald (Station 4) 
and about 3° lower than in the adjacent forest (2), 
with the greatest differences during the warm season. 





The lowest extreme winter minimum (—6°) was re- 
corded at Station 1. Maximum air temperatures 
averaged about 2° lower at Station 1 than at Station 
4 during the winter, but were frequently higher by 
an average of 1° during the warm season. This 
apparent anomaly was probably due to the sheltering 
effect of the surrounding forest at Station 1 (see 
Geiger 1957: 351). Similar results were obtained at 
the two lower levels of measurement. 

A comparison of the values for Station 2 within 
the spruce-fir forest and Station 3 in the plantation on 
the summit of Round Bald, and adjacent to Stations 
1 and 4, respectively, demonstrate that there is a 
greater decrease in maxima than minima over the 
460 ft of altitude between the bald and the summit 
of Roan High Knob. 

Considerable differences in air temperature were 
recorded at the 3 stations on the bald. During the 
warm period (June 7-Sept. 13), maxima at Station 7 
on the south slope averaged 4.5° higher than on the 
summit (4) of the bald and 5° higher than on the 
north slope (5). A similar relationship between the 
stations occurred with minima, although the degree 
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differences were considerably smaller. Only rarely 
did the minima on the south slope drop lower than 
on the summit and north slope of the bald. 

Air temperature differences in the.north and south 
slope hardwood forests adjacent to the bald were 
comparable with the differences between the same 
slopes on the bald. The maxima during the warm 
season averaged 5° higher on the south slope, al- 
though the north slope forest did occasionally have 
higher maxima. Differences in maxima of up to 14.5° 
occurred during 2 periods in winter, with an average 
difference of 4°, but as in the warm season, the south 
slope forest occasionally recorded the lower value by 
up to 2.5°. 

Air temperature differences between bald and adja- 
cent hardwood forests on the north and south slopes 
were very similar during the warm season. There 
was an average difference of 7.5° between bald and 
forest maxima on both slopes, although daily values 
deviated considerably from this. During the cold 
season, the leafless condition of the hardwood forest 
canopy resulted in small air temperature differences 
between the bald and adjacent hardwood forest sites. 
Differences between these sites on both the north and 
south slopes averaged less than 1° for both maxima 
and minima during this season. 

The station (9) in the area cleared of hardwood 
forest had the highest average air maxima of all sta- 
tions during all seasons, and the highest minima dur- 
ing the cold season. The average maxima for the 
warm season exceeded that of the second warmest 
station by 7°. Cold air drainage at night probably 
accounts for the warm season minima being similar 
to those recorded on the bald 600 ft above. 

The results for the lower-air level are generally 
similar to those obtained for air temperatures, and the 
stations show similar relationships with each other. 
Extreme minima for the cold season averaged from 
0° to 3° higher than the air minima, with the greatest 
difference on the north slope bald (5) and hardwood 
forest (6) stations, and the smallest on the south 
slope bald (7) and hardwood forest (8) stations. 
This difference between the 2 slopes did not prevail 
during the warm season when lower-air temperatures 
exceeded air temperatures by up to 1°. The greatest 
differences between the two levels during this period 
vas on the deforested area (Stat. 9) where lower-air 
minima averaged 1.5° higher than the air minima. 
Only in the spruce-fir forest (2) and on the summit 
of the bald (4) were lower-air minima less than air 
minima during the warm season, and then only by an 
average of 0.5° and 1.0°, respectively. 

The values for lower-air maxima showed slightly 
more variation from the air maxima than did the 
values for lower-air minima from air minima. 

Differences between the 9 stations in soil maxima 
also varied from the cold to the warm season, due 
chiefly to the differences in microenvironmental con- 
trol of the hardwood forest canopy during these two 
seasons. The stations in spruce-fir forest (2) and 
plantation (3) had lower maxima by approximately 
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2° than the next coldest station during both the eold 
and warm seasons. Similar winter soil-maxima pre- 
vailed on the area cleared of spruce-fir forest (1), 
on the summit of Round Bald (4), and in the hard- 
wood forest on the north slope (6), where they aver- 
aged about 2.5° higher than Stations 2 and 3. 

Abnormal soil maxima and minima were obtained 
on the north slope of Round Bald (Station 5) during 
both cold and warm seasons due to partial death of 
the deeply “rooted” Polytrichum plants covering the 
thermometer casing. Soil maxima for Station 1 may 
also be abnormally high for reasons discussed pre- 
viously when dealing with air temperatures. 

The south slope of Round Bald (7) and the hard- 
wood forest (8) on the same slope, experienced simi- 
lar soil maxima during the cold season, and both sta- 
tions averaged 2.5° higher than Stations 1, 4, and 6. 
The area cleared of hardwood forest (9) averaged 5.5° 
higher in soil maxima than any other station during 
the cold season. 

The presence of a closed hardwood forest canopy 
during the warm season resulted in wide differences 
in soil maxima between bald and adjacent hardwood 
forest stations. The south slope forest (8) had 
higher maxima by an average of 4° than the north 
slope forest (6), but a comparison between the 2 slopes 
of the bald cannot be made because of the anomalous 
values for the north slope station (5). The south 
slope hardwood forest (8) soil maxima averaged 7.5° 
lower than those of the adjacent station (7) on the 
hald. There was an average difference of almost 10° 
in soil maxima between the spruce-fir plantation on 
the summit of Round Bald (3) and the adjacent sta- 
tion (4) on the open bald. Soil on the south slope 
of the bald (7) reached an average of 3.5° higher 
maxima than did that on the summit of the bald (4). 

Lowest soil minima during the cold season were 
obtained on an area cleared of spruce-fir forest (Stat. 
1) and the hardwoed forest on the north slope (6), 
which had very similar minima. Soil minima at 4 
other sites, spruce-fir forest (2) and plantation (3), 
the summit (4) and south slope (7) of Round Bald 
were similar also, and averaged less than 1° higher 
than Stations 1 and 6 during this season. Values 
for the south slope hardwood forest (8) and the area 
cleared of hardwood forest (9) were similar, with 
slightly higher minima occurring at Station 8. These 
stations averaged 2° higher in minima than the pre- 
vious 4 stations during this season. 

During the warm season, the spruce-fir forest (2) 
had the lowest soil minima. These averaged 2.5 lower 
than in the spruce-fir plantation (3), the second cold- 
est station. Only slightly higher minima (aver. 0.5°) 
were recorded for the soil in the area cleared of 
spruce-fir forest (1) and the north slope hardwood 
forest (6). Soil minima were similar on the summit 
(4) of Round Bald and in the south slope hardwood 
forest (8). These 2 stations averaged about 1° 
higher than the previous 2 stations. The south slope 
of Round Bald (7) and the area cleared of hardwood 
forest (9) had the highest values for soil minima dur- 
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ing the warm season, with values for the latter station 
averaging 2° higher than those for the former. 

Thus, during the winter season, soil minima on 
the bald and in the hardwood forest on the north slope 
were generally similar to those prevailing in the 
spruce-fir forest, and considerably lower than those 
occurring in the south slope hardwood forest and 
area cleared of hardwood forest. These results, there- 
fore, are not strictly parallel with those for air 
minima. 

Hight days (January 22-29, 1957) winter record 
of continuous air (20 em), lower-air (2 em), and 
soil (—2 em) temperatures were obtained for 5 of the 
stations (2a, 3, 4, 6, and 8) to determine the extent to 
which the temperature microenvironments of the dif- 
ferent vegetation types respond to fluctuating diurnal 
regional temperatures during the cold season. 

The response to increasing regional temperature 
was similar at the 20 em and 2.em levels. It was 
most marked on the bald and in the hardwood forests 
on both the north and south slopes. Highest temper- 
atures were reached in the hardwood forest on the 
south slope when the wind was coming from the 
southwest. 

Within the spruce-fir forest and the plantation on 
Round Bald relatively small and similar responses 
occurred, which demonstrates the insulating properties 
of the spruce-fir canopy against regional temperature 
changes during the winter season. 

Soil temperatures at all sites, except the hardwood 
forest on the south slope, showed very small responses 
to the fluctuating regional temperature. The rapid 
response in the south slope hardwood forest was 
probably due to its direction of slope, reduced wind 
velocity, and absence of a foliage cover. The wide 
differences in soil temperatures between spruce-fir 
and hardwood forest sites reflect the extreme difference 
in microenvironmental control of the 2 forest types 
during the winter season. 

The response to decreasing regional temperature 
was similar at the 20 and 2 em levels, but with greater 
variation between stations at the upper level. Great- 
est fluctuations and lowest temperatures at both levels 
were recorded on the summit of the bald. The 2 hard- 
wood forest stations were consistently warmer than 
on the bald, probably due in part to their reduced 
wind speeds. The stations within spruce-fir forest 
again experienced relatively small fluctuations, al- 
though they were considerably greater in the small 
plantation on the summit of the bald than in the 
mature forest where wind velocity was greatly re- 
duced. 

Only at the south slope hardwood forest station 
did a marked response in soil temperature occur, 
probably because this was the only site with soil 
temperatures above freezing at the beginning of 
the period. Except for the soil under spruce-fir 
forest, the soil under the bald was slightly colder than 
that of the other sites. 

These results indicate considerable differences in 
the temperature environments, especially in maxima, 
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between bald and adjacent forested and cleared sites 
in the Roan Mountain area. Moreover, the differences 
between these sites change from the cold season when 
the hardwood forest is in a leafless condition, to the 
warm season when both the hardwood and coniferous 
forest types have a marked and relatively similar 
effect on the microenvironments. 

Temperatures within spruce-fir forest tend to be 
lower, but much more uniform, than on any of the 
other sites. This also applies to the hardwood forest 
during the warm season, although temperatures are 
generally higher than in spruce-fir forest. During 
the cold season, however, when the hardwood forest 
canopy is leafless, the temperature environments with- 
in this forest are only slightly less extreme than those 
prevailing on the bald. North slopes of both forest 
and bald are usually colder than south slopes. The 
temperature environment of an area cleared of spruce- 
fir forest above the altitude of the bald is similar to 
that experienced on the north slope of the bald, while 
that of an area cleared of hardwood forest below the 
altitude of the bald resembles more closely the tem- 
perature environment on the south slope of the bald. 
The summit of the bald is intermediate between these. 
However, the presence on it of a 20-yr-old spruce-fir 
plantation, so modifies the temperature regimes that 
they come to resemble closely those of mature spruce- 
fir forest. 

PRECIPITATION 

Daily precipitation was recorded between June 6- 
September 14, 1957, and then at irregular intervals 
until November 17, 1957. A comparison was made of 
precipitation on the north (Stat. 5), south (7), and 
summit (4) of the bald, with that on an area recently 
cleared of spruce-fir forest (1), and an area recently 
cleared of hardwood forest (9). The values ob- 
tained from the improvised gages at these stations 
are compared with values from the T.V.A. standard 
recording gage at 6,100 feet on Roan Mountain, in 
Table 9. Three-day precipitation values for the 
warm season are ineluded in Fig. 10. 

TABLE 9. Precipitation values (inches) for 5 tem- 


porary and 1 permanent station in the Roan Mountain 
area; June 7-November 17, 1957. 





| | STATIONS 











eS es ; ee 2 
| T.V.A | | | | 
Period ending (AM). || No.231] 1 | 4 5 : 9 
June 7-30... 6.85 | 6.98] 6.69] 7.04| 557| 5.60 
July 1-31... 3.46 | 3.98] 3.64] 3.49] 4.37] 3.41 
a : Seeman 3.87 | 3.90] 3.60] 3.05] 3.83] 3.49 
Sept. 1-29. . 4 | 7.74] 8.89 | 9.28 | 10.00} 6.26| 7.06 
Sept. 30-Oct. 19 3.42 | 4.04] 4.70) 4.47] 2.33] 3.7 
Oct. 20-Nov. 17...... | 3.13 | 3.87] 5.17] 5.27] 2.49] 2.7 
Total for warm period | 
(June 7-Sept. 14)... 16.78 | 17.62 | 16.65 | 16.53 | 15.42 | 14.39 
Total for entire period | | 
(June 7-Nov. 17).. 28.47 | 31.68 | 33.10 | 33.32 | 24.85 | 26.05 
| | 


The results of this study show that, for the period 
of observation, precipitation generally increased with 
altitude, with no significantly reduced precipitation 
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Fic. 6. Three-day evaporation (atmometer) values for 9 stations in the Roan Mountain area during the 


1957 warm season. 


Values for the 3 bald stations (4, 5, and 7), and the 2 hardwood forest stations 


(6 and 8), which gave generally similar results, have been averaged and presented as “4” and “6”, respec- 


tively. 


on the bald. The differences in daily values for the 
north and south slopes of the bald were related to 
wind direction and strength. Less rainfall was re- 
corded on the windward slope due to the reduced 
funnel area exposed to the wind, together with up- 
draft effect on this slope. The differences increased 
with speed of the wind. 


EVAPORATION 

Evaporation was measured throughout the warm 
season (June 7-Sept. 13) at the 9 stations, using 
Livingston white porous cup atmometers. Readings 
were taken at 3-day intervals. 

The results (Fig. 6) show that the 3 stations on 
the bald have considerably higher rates of evaporation 
than any of the other stations. These 3 stations (4, 5, 
and 7) located on the summit, north, and south slopes, 
respectively, showed only slight (less than 6%) and 
inconsistent variations. Even during periods of dry 
southwesterly winds there was very little difference in 





Values for the 6-day period August 14-20 have been halved and presented as two 3-day values. 


water loss between these 3 stations and the open sta- 
tion (9) below the bald. The water loss values for 
one such 3-day period were 25 ml for the north slope 
(5), 26 ml for the summit and south slope (4 and 6) 
on the bald, and 24 ml for the station (9) located 
550 ft below the bald. 

Evaporation rates on the area cleared of spruce- 
fir forest (1) at 6,280 ft were only 69% of those on 
the bald. This reduction resulted from a combination 
of lower temperatures and greater cloudiness, and 
probably reduced wind velocities. The relatively low 
evaporation (81% of that on the bald) from the area 
cleared of hardwood forest at 5,100 ft was probably 
due to reduced wind velocities. 

The effect of hardwood and coniferous forest cover 
on evaporation rates can be determined by comparing 
the values from adjacent open and forested sites. 
Evaporation in the spruce-fir forest on the summit of 
Roan High Knob (2) was only 39% of that in the 
cleared area (1), while the rate within the spruce-fir 
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Three-day relative solar radiation values for 9 stations in the Roan Mountain area during 
Values for the 3 bald stations (4, 5, 7), and the 2 hardwood forest stations (6, 8), 


which guve generally similar results, have been averaged and presented as ‘‘4’’ and ‘‘6’’, respectively. 
Values for the 6-day period August 14-20 have been halved and presented as two 3-day values. 


plantation on the summit of Round Bald (3) was 48% 
of that on the bald (4) alongside. There was also 
considerable reduction in evaporation within hard- 
wood forest, more on the north slope (26% of that in 
the open) than on the south slope (43%). 


SOLAR RADIATION 

The difference in water evaporated from black 
and white bulbs at any location is a measure of the 
amount of the radiant energy during the period of 
exposure (Braun-Blanquet 1932). An indication of 
the relative differences in insolation at the 9 stations 
was thus obtained for the period June 7-Sept. 13. 

The results (Fig. 7) show that relative insolation 
was highest on the bald. There were slight (less 
than 7%) and inconsistent differences between the 
summit, north, and south slopes of the bald. Total 
values, however, showed the south slope to have slight- 
ly higher values than the other two. The relatively 
low insolation value for the area cleared of spruce- 
fir forest (73% of that on the bald) was related to 





the higher incidence of fog on Roan High Knob than 
on the bald. The total values indicate that insolation 
at Station 9, in an area cleared of hardwood forest 
550 ft below the bald, was only 90% of that on the 
bald. This probably was not the ease, since fog was 
less frequent and temperatures were higher at Station 
9 than on the bald. 

The spruce-fir forest canopy reduced insolation by 
98% on Roan High Knob, while the plantation on 
the summit of Round Bald reduced it by 97%. The 
reduction in insolation effected by the hardwood forest 
canopy varied from 94% on the north slope to 84% 
on the south slope. 


WIND 

The summarized results of two short studies during 
the winter of 1956-1957 and of a lengthy study during 
the summer and autumn of 1957 are presented in 
Table 10. 

Spot readings were made at the bald stations 
during servicing, but unfortunately never during the 
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Mean and maximum daily average wind velocities (m.p.h.) for periods of varying length at 7 sta- 


tions in the Roan Mountain area; January 24-September 15, 1957. 
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i | Jan. 24-29 Mar. 25-30 June 7-30 July 1-31 | Aug. 1-21 | Aug. 22-31 Sept. 1-15 
Station | —— | ———S 
| Mean | Max. | Mean | Max. | Mean} Max. | Mean | Max. | Mean Max. | Mean | Max. | Mean | Max 
a a a a 2 ae: ee) eee | | 
he aR | 1.9%) 2.2%) 1.6%) 2.0*| 0.9 | 2.7] 0.6 | 2.0 | 0.5 | 1.0] 0.7 | 1.3] 0.9 | 3.1 
Se | 4.2] 6.1 3.3 8.9] 1.8 8:01 1.2 2.1 1.2 3.6 | 2.6 8.1 
1 A eee 15.5 | 19.0 | 10.9 | 14.9] 7.6 | 17.9] 5.9 | 14.2] 5.8 | 8.8 | 6.1 0.6 | 7.4-| 168 
| OU | 6.3 | 10.3] 7.5 | 13.0 
BE Shien shennan | 3.3 7.2 | 2.2 4.3 | 0.8 3.0} 0.8 2.01 O.7 1 1.8 
(SN ee Pe 3.7 5.8} 5.3 | 15.9 
ee a | 3.4 5.2 2.4 4.6| 1.4 4.1) 0.5 2.4 | 0.4 | 1.0 
*These values are for Station 2a. tan _ ake Be? eet, Ce eo 
peaks of storms. However, these readings did show WIND DIRECTION 
that wind velocity during the morning almost always eg” ™ i 


exceeded the daily averages. 

The results show that wind velocities were highest 
during winter and decreased to a low iu early autumn. 
Velocities were much more constant during the win- 
ter months than at other times, and were most varia- 
ble during summer when short periods of high velocity 
winds, associated with tropical disturbances, interrupt- 
ed periods of relatively low wind speed. Highest 
wind velocities were recorded on the north slope 
(Stat. 5) and the summit (4) of the bald. The south 
slope (7) averages were considerably less due to the 
prevailing winds coming from the north-northwest, 
at least during the seasons of measurement. 

Velocities within the spruce-fir forest (2, 2a) were 
reduced to between 9 and 15% of those prevailing on 
the open summit-of the bald, while those within the 
spruce-fir plantation (3) on the bald were reduced to 
20 to 43%. Within the hardwood forest on both the 
north (6) and south (8) slopes, velocities were re- 
duced to between 10 and 21% and 6 and 22%, re- 
spectively. In all cases, percent reduction was great- 
est during periods of lower wind speed. 

Results of the wind velocity study in the vicinity 
of the spruce-fir plantation on the summit of Round 
Bald are summarized and presented diagrammati- 
cally in Fig. 8. Velocity was reduced to less than 
5% on the leeward side of the plantation, whereas 
along the sides of the plantation velocities tended to 
exceed that of the unobstructed wind. The plantation 
also reduced wind velocity immediately in front of 
its windward boundary. 


FOG 

Daily observations on the frequency, duration, and 
periodicity of fog (low cloud) at 3 stations (1, 4, 9) 
representing spruce-fir forest, bald, and hardwood 
forest, respectively, were made during periods of resi- 
dence on Roan Mountain. 

Fog is a very important environmental factor in 
the mountains of this region. Winter fogs, although 
frequent, are probably of only indirect significance to 
the vegetation through the formation of rime. Fogs 
during the warm season, however, are of importance, 
increasing the humidity and.reducing solar radiation 
and hence reducing transpiration. 
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Fig. 8. Wind velocity averages (m.p.h.) at 50 em, 
and isovels in and around the 20-yr-old conifer planta- 
tion on the summit of Round Bald. Values are based 
on the means of 7 measurements made during periods 
of light (2 to 5 m.p.h.) north-northwesterly winds. 


During the 97-day observation period between June 
4 and Sept. 14, 1957, the spruce-fir forest was sub- 
jected to diurnal fog on 62 days, 29 of which were 
rainless. The bald, on the other hand, was fog-bound 
on only 39 days, 17 of which were rainless, while the 
hardwood forest was fogbound on 16 days, only 3 
of which were rainless. Thus fog frequency and dura- 
tion on the bald was intermediate between the spruce- 
fir forest above, and the hardwood forest below. The 
significance of fog to the 3 vegetation types may be 
better expressed as the proportion of fogs which 
occurred on rainless days. These values for the warm 
season were 47% for spruce-fir forest, 44% for bald, 
and 19% for hardwood forest. In this respect the 
bald environment more closely resembles the spruce- 
fir forest environment than that of the hardwood 
forest. The spruce-fir forest margins derive consider- 
able fog precipitation (Geiger 1957), but no attempt 
was made to measure this quantitatively. 
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SNOW 

One of the purposes of visiting Roan Mountain 
during :the winter was to make observations and 
measurements of snow on the -various vegetation 
types. However, snowfall was’ abnormally low in 
the region during the 1956-57 winter, with both the 
Banner Elk and Mount Mitchell stations recording 
about 28 in. below normal. There were only 4 light 
falls in the Roan Mountain area during the 2 obser- 
vation periods, and thus a detailed study was not 
possible. Snow accompanied both northerly and 
southerly winds. Snowfall was considerably higher in 
the spruce-fir forest than on the bald and least of all 
in the hardwood forest. Rate of melt was extremely 
slow within spruce-fir forest, including the small plan- 
tation on the summit of Round Bald, and was some- 
what faster on the bald than within the hardwood 
forest. There was considerable difference in the rate 
of melt between the north and south slopes, with 
melt on the south slope of both the bald and hardwood 
forest considerably faster than on the opposite slope. 
These conclusions were confirmed by Mr. F. Behrend 
of Elizabethton, Tennessee, who makes weekly trips 
to the mountain during winter for ornithological 
studies. 

RIME 

Rime flags (Geiger 1957) resulting from the depo- 
sition on the windward side of objects, of super- 
cooled water drops carried in a driving fog, are a 
feature of the vegetation at higher altitudes during 
the winter season. Although large deposits of rime 
(up to 2.5 in. long) were observed on the herbaceous 
vegetation of the bald and on the hardwood and conif- 
erous trees, sufficient to weigh down the branches of 
the latter, no mechanical damage was observed. The 
rime falls off quickly with relatively short periods of 
sunshine. However, under more severe winter condi- 
tions than those prevailing during the winter of 1956- 
1957, some mechanical damage to woody vegetation, 
especially on the bald, could be expected. 


FROST ACTION 

The intensity of frost action in 3 of the vegetation 
types in the Roan Mountain area was estimated by 
measuring the thickness of frozen soil at the 9 sta- 
tions during the two observation periods in the winter 
of 1956-1957. 

Pronounced differences in frost action occurred 
between some of these stations. Areas occupied by 
hardwood forest and areas cleared of this forest were 
relatively free from frost action. The action was 
slightly more intense under spruce-fir and areas 
cleared of this forest, than on the bald. The depth 
of freezing was slightly greater on the north slope of 
the bald than on its summit and south slope. 


SOIL MOISTURE 

Values for soil moisture tension for the upper 10 
em of soil at each of the 9 stations at 3-day intervals 
during the warm season (June 6-Sept. 13, 1957) have 
been presented graphically, together with the corre- 
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SOL MOISTURE CONTENT 

Fic. 9. Soil moisture tension curves for the upper 

10 em of soil from the 9 stations in the Roan Mountain 

area. Values for saturation, and 4% and 1 atmosphere 

tensions are from undisturbed soil samples; the 4 and 15 

atmosphere values are from disturbed samples. All 
values are the means of triplicate determinations. 


PER CENT OF OVEN ORY WEIGHT 


sponding 3-day precipitation values for the open sta- 
tions, in Fig. 10. 

The most striking feature of the results is the 
uniformly very low moisture tensions at the forested 
sites, compared with the fluctuating values at the open 
sites. Only at the open sites did soil moisture ten- 
sions exceed 1 atm for any period during the warm 
season, and at all of these except Station 9, this value 
was exceeded for one period only. The highest soil 
moisture tension recorded was at the site cleared of 
hardwood forest (Station 9), where values reached 
1.9 atm for 2 consecutive readings in mid-July. 

The results of this study would have been more 
significant if drought conditions had prevailed. Even 
so, the precipitation on Roan Mountain during July, 
the warmest month, was only 0.24 in. more than the 
June precipitation for 1936 when Brown (1941) ob- 
served drought killing of grasses on some areas of 
the bald. The 13-day rainless period in early July 
provided significant soil moisture data. Thus, at only 
3 stations (5, 7, 9) did soil moisture tensions exceed 
0.5 atm. There was little difference between values 
for Station 5 on the north slope of the bald (up to 0.7 
atm) and for Station 7 on its south slope (up to 0.8 
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Fig. 10. Soil moisture tensions in atmospheres (solid 
lines) at 3-day intervals for the upper 10 em of soil at 
the 9 stations in the Roan Mountain area during the 1957 
warm season (excluding the period Aug. 14-17). Corre- 
sponding 3-day precipitation in inches (bars), is pre- 
sented for the open stations, except that 6-day totals 
are presented for Aug. 15-20. 


atm), but values for the area cleared of hardwood 
forest were considerably higher (up to 1.9 atm). Soil 
on both the north and south slopes of the bald devel- 
oped higher moisture tensions than did the soil on the 
bald’s summit. 


SOIL ORGANIC MATTER AND BULK DENSITY 

Bulk density and loss-on-ignition values for the 

upper 10 cm of soil at each of the 9 stations are 
presented in Table 11. 


TABLE 11. Values for bulk density (wt. in gms/cc) 
and % loss-on-ignition for the upper 10 cm of soil at 
the 9 environmental stations in the Roan Mountain area. 





Srations 





Determination 1 2 3 4 5 6 7 8 9 





o 


Bulk density'......... 0.55} 0.17) 0.32) 0.41) 0.54) 0.44) 0.41) 0.39) 0.61 











Loss-on-ignition”. .... 25.1 |68.8 |42.5 |35.0 {18.9 |27.8 |30.8 |42.0 {20.2 




















1Values are averages of 7 determinations. 
2Values are averages of duplicate samples. 


These results indicate the close negative correla- 
tion between loss-on-ignition values and those for 
bulk density. The variation in values between the 
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stations is probably an effect relationship of the vege- 
tation rather than a causative one. Thus, the soil 
under the 20-year old spruce-fir plantation on Round 
Bald (3) bears the closest resemblance to that under 
spruce-fir forest (2). However, there is no con- 
sistent difference between the soils of the bald and 
those of the adjacent hardwood forest. 


TREE SEED AND SEEDLING STUDIES 

The late D. M. Brown (1938, 1953) attempted 
tree seeding and seedling experiments “to determine 
experimentally, whether woody species, conifers in 
particular, can establish themselves and survive in 
the grassy bald.” He describes (1938: 21) making 
seedling transplants from Carvers Gap, and sowing 
seed of spruce and fir on the summit of Round Bald 
in August, 1937. In a later paper (Brown 1953) he 
reports only on the progress of the transplants. Ac- 
cording to his field notes, 12 spruce and 2 fir seed- 
lings resulted from the seeding experiments, but none 
were found in the early autumn of 1940, and no 
explanation was given for their failure to establish. 
However, he did note that 8 additional fir seedlings 
became established in a block of fir transplants, evi- 
dently from seeds moved with the soil block. 

Three types of spruce and fir seedling transplant 
experiments were conducted by Brown. One involved 
individual transplants to fenced and unfenced plots; 
a second was “block transplants” to the fenced plot 
“to determine if soil was the limiting factor in sur- 
vival of conifers”; and a third was individual trans- 
plants to an unshielded site and to a site shielded from 
the northwest, both within the fenced area. The 
results of this study up to 1949 (Brown 1953), 
showed that seedlings of both species “can survive 
and grow” on a bald. Fir seedlings were vulnerable 
to damage by stock, while those of spruce tolerated 
injury to a greater extent. Conifers shielded from 
the prevailing winter winds showed higher survival 
and better growth than exposed ones, especially when 
seedlings were small. Winter ice-storm injury in 
the form of broken twigs was observed only on the 
northwest sides of the seedlings. Hence Brown be- 
lieved that this factor may be retarding natural in- 
vasion of the bald by conifers, although it “does not 
appear to inhibit seedling growth sufficiently to be a 
limiting factor.” Brown concluded that the environ- 
ment of Round Bald is “favorable for the growth and 
survival of transplanted seedlings of spruce and, to 
only a slightly lesser extent, for fir.” 

Since no detailed study had been made of these 
transplants since 1949, measurements of their growth 
and survival were made during the autumn of 1957 
(Mark 1958). 

During the last 8 yrs 28 spruce saplings and 19 
fir saplings have died, not because of the severity of 
the environment, but as a result of overcrowding. 
The higher death rate of spruce saplings is due to 
their slow rate of height growth, relative to that of 
fir. During the last 8 yrs, the average increase in 
height has been 33 in. for spruce compared with 53 








-—_- a btiet Oe Ge 


—_— @® Frm De Ff © DMD &@, we OP} Mm ome ee ee Oe lel 


oOo nn 


ac 








Eee as a a Ca oa 








October, 1958 


in. for fir. The present appearance of these saplings 
does not indicate that they are adversely affected by 
the environment on the bald. Three of the larger 
fir saplings were bearing a total of 16 cones in 1957, 
and therefore the future pattern of seedling establish- 
ment away from this “microcenter of distribution” 
should be closely followed. 

Another tree seedling experiment which may pro- 
vide useful information in the future, has been con- 
ducted on Brasstown Bald (4,784 ft) in the Chatta- 
hoochee National Forest, Georgia. According to the 
District Forest Ranger (pers. comm.) at Blairsville, 
Georgia, approximately 200 seedlings of both spruce 
and fir from 6,200 ft on Roan Mountain were trans- 
planted to the cleared summit of Brasstown Bald in 
the spring of 1956. No measurements of their growth 
rates and survival have yet been made, but it was 
estimated that 75% of both species were living in the 
summer of 1956 (Ranger H. R. Wright, pers. comm.). 
Information on the survival and growth rates of these 
seedlings would be most desirable since the area is 
approximately 40 mi southwest of the present geo- 
graphical limits of both species, but is perhaps within 
their ranges of tolerance. 

A number of tree seeding and seedling experi- 
ments were initiated in the Roan Mountain area dur- 
ing the course of the present investigation (Mark 
1958). Sinee no conclusive results have yet been 
obtained, the experiments will receive only brief 
mention here. 

An experiment has been initiated to attempt to 
determine whether populations of spruce from moun- 
tains of different altitudes, and from different alti- 
tudes on the same mountain, possess different genetic 
potentials for survival and growth on a bald. Bill- 
ings & Mark (1957), discussing factors involved in the 
maintenance of balds in the region, mention the 
possibility of depletion of “lower margin spruce 
biotypes” during xerothermic times, and the expected 
effect of this on the rate of reinvasion downward dur- 
ing the subsequent period of cooling climate. The 
indirect evidence for this will be discussed in the sec- 
tion dealing with the distribution of the high-altitude 
forests in relation to the occurrence of balds. No 
direct evidence for biotypie differences within this 
species is available; it was therefore decided to set up 
an experiment in an attempt to test for biotypic varia- 
tion. Thirty spruce seedlings from 6 forest interior 
populations were transplanted to a fenced area on the 
summit of Round Bald in 1957. The highest (6,400 
ft) and lowest (4,600 ft) populations on Mount Mitch- 
ell (6,684 ft), the highest mountain in the region, 
were sampled, together with the highest (6,200 ft), 
lowest (5,500 ft), and intermediate (5,850 ft) popula- 
tions on Roan Mountain, and the population on the 
summit of Whitetop Mountain (5,520 ft) in Virginia, 
one of the smallest spruce populations in the region. 

Phenological observations including growth meas- 
urements, were made on these seedlings throughout the 
warm season of 1957. Although these seedlings made 
relatively good growth (Mark 1958) their behavior 
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was probably conditioned in part by their previous 
environments. The behavior of these 6 populations 
in future years will probably be more meaningful. 
To augment this population study, spruce seed from 
the same areas on Mount Mitchell and Roan Moun- 
tain from which the seedlings were obtained, have 
been surface-sown on the summit of the bald. Ap- 
proximately 200 seed from cones collected in the 
autumn of 1957 from each locality were scattered 
over 1 X 2 m plots on the summit of the bald, in 
November, 1957. 

Ten seedlings of both spruce and fir from the 
forest margin at Carvers Gap (5,500 ft) in the Roan 
Mountain area, were transplanted to all of the envi- 
ronmental stations, except that in the plantation (Stat. 
3) during October, 1956, for the purpose of com- 
paring differences in growth rates with environmental 
differences. At the 3 stations (4, 5, 7) on the bald 
and the station (9) in the area cleared of hardwood 
forest, transplants were made to both undisturbed 
turf and to bare soil. Observations and measurements 
on phenology and survival were made during the 
1957 growing season. Survival was considerably 
higher for spruce than for fir, especially during the 
winter. Seedlings at forested sites and at vegetated 
sites on the bald and on areas cleared of forest 
showed relatively high survival during both summer 
and winter. Those in bare soil at open sites showed 
low survival. The high mortality of the latter oc- 
curred chiefly during the winter when extreme frost 
heaving was noted on these areas, but not on adjacent 
vegetated sites. The summer deaths occurred chiefly 
in the bare-soil plots in which the soil dried out con- 
siderably during rainless periods and the surface 
soil layers reached relatively high temperatures. Rates 
of terminal growth were quite variable, but were low 
in seedlings transplanted to bare soil. The growth 
rates of seedlings, especially spruce, in turf on the 
bald were similar to growth rates within the forests. 
spruce and fir on a bald may depend, to some extent, 
These results indicate that seedling establishment of 
on the protection against environmental extremes at 
ground level afforded by the grass cover. This may 
be part of the explanation why tree invasion onto 
balds apparently depends largely on a low intensity 
of grazing by stock. 

Approximately 500 previously stratified commer- 
cial seed of fir from a North Carolina source were 
surface-sown on 1.5 X 1.5 m plots at each of the 
environmental stations and at other sites in the Roan 
Mountain area, during January, 1957. The purpose 
of this study was to compare germination and seed- 
ling establishment of fir in different habitat types in 
the area. Observations on germination and survival 
were made throughout the summer period but no 
information on establishment is yet available. In 
addition, approximately 500 fir seed collected in the 
autumn of 1957 from Carvers Gap, were surface-sown 
on the summit of Round Bald in November 1957. 

The possibility that the balds are located at or 
near the upper altitudinal limits of the hardwood 
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forest species is being tested with seeding experiments. 
Five hundred beech nuts from Carvers Gap (5,500 
ft), 80 buckeye seeds from the north slope of Round 
Bald (5,700 ft), and 60 red oak acorns from 4,500 
ft on the south slope of Roan Mountain were col- 
lected in the autumn of 1957 and _ surface-sown 
to 1 x 2 m plots on the summit of Round Bald in 
November, 1957. The results of these experiments 
may add considerably to understanding the ecology of 
the balds in relation to the hardwood forest timber- 
line. , 

A beech transplant study. was conducted in the 
Roan Mountain area in an attempt to determine 
whether the environment of the bald is beyond the 
tolerance limits of this species. Twenty-five rooted 
beech suckers from the forest margin at 5,630 ft on 
the south slope of Round Bald were transplanted to 
each of 3 stations: spruce-fir forest (2), summit of 
Round Bald (4), and south slope hardwood forest 
(8), in March, 1957. As part of this study, trans- 
plants were made of beech suckers from Orono, 
Maine. The purpose of this was to examine the 
possibility that a northern population of beech might 
possess a greater cold tolerance than a southern 
population. If this is true a differential winter sur- 
vival on the bald would be expected between the 2 
populations. Thirty beech suckers were supplied by 
Dr. H. E. Young from a natural stand in the Uni- 
versity of Maine Forest, and these were transplanted 
to 2 sites on Roan Mountain in April, 1957. Fifteen 
of the suckers were planted on the summit of the 
bald (Station 4) and 15 in the south slope hardwood 
forest (Station 8). 

Growth rate measurements of the transplants are 
of limited value because of differential survival and 
browsing damage to those in the spruce-fir forest. 
Almost all of the latter were heavily browsed from 
mid-July onward, whereas those at the other sites 
were unbrowsed. The better survival of the Maine 
transplants compared with the local ones, may be a 
result of the greater length of time between trans- 
plantation and breaking of dormancy in the former, 
rather than differences in tolerances. The result for 
winter survival of the established plants will be more 
significant. 

A study of seed dispersal of both hardwood and 
coniferous forest tree species adjacent to Round Bald 
was carried out over a 2-year period. This investiga- 
tion involved seed-trap studies of effective dispersal 
ranges of the wind disseminated conifer species 
(spruce and fir), observations on the distance of 
hardwood (buckeye and beech) seed dispersal during 
both 1956 and 1957, together with trapping studies 
of small rodents in both forest types, and on the bald, 
during the autumn of 1957. 

Twelve seed traps were constructed from 10-in. 
diameter galvanized funnels. The mouth of each 
funnel was covered with 14-in. wire mesh and the 
lower end led into a metal container with a wire mesh 
bottom sufficiently fine to retain seeds. The area of 
the funnel was 78.5 sq in. The traps were sunk into 
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pits which were small enough to retain the lip of the 
funnel and thus allow the receiving surface to be close 
to ground level. The seed traps were placed at regu- 
lar intervals, 3 to each of the 4 main aspects (N, §, 
E, W) of Round Bald during early August, 1956, 
which is approximately 4 weeks prior to the beginning 
of dissemination. Traps were emptied in late October, 
January, and March, and the contents examined in 
the laboratory. 

Despite a heavy seed crop of both spruce and fir, 
no seeds of either species were collected. During 
early autumn of the following year, therefore, the 
seed traps were repositioned closer to the seed source 
in Carvers Gap. They were arranged in 2 parallel 
lines, each of 6 traps at 100 m intervals, from the 
spruce-fir forest on the west side of Carvers Gap, up 
the west slope of Round Bald east of the Gap. Three 
of the traps were located in young forest where 
cones were being produced. Collections were made 
in mid-October and again in mid-November, by which 
time dissemination was essentially completed. 

The only seeds collected on the bald were 7 of fir 
and 1 of spruce in the trap 6 m from the forest 
margin, and 1 of fir in the trap 35 m from the margin. 
The results indicate that seeds of both spruce and 
fir may have a very limited range of dispersal, sug- 
gesting that this could be an important factor in 
retarding the rate of invasion of both species onto 
the bald. A more extensive study of seed dissemi- 
nation of these species should be made, however, to 
evaluate accurately, its significance in determining 
the rate of coniferous forest encroachment onto a 
bald. The frequent adherence of the seed wings to 
the carpellary seales during disintegration of fir 
cones and their subsequent dissemination, undoubtedly 
restricts the effectiveness of wind as a seed dispersal 
agent. However, the isolated seedlings and saplings 
of spruce and fir seattered over parts of Round Bald, 
indicate that seeds are oceasionally carried a consider- 
able distance. 

The relative proportions of spruce to fir regenera- 
tion on the northwest slope of Round Bald increases 
gradually from 88:12 near the seed source in Carvers 
Gap (5,512 ft) to 98:2 at 5,700 ft, indicating per- 
haps, that spruce is more effectively disseminated 
than fir. This is borne out by the conclusions of 
Siggins (1933) that seeds with short broad terminal 
wings, such as the firs, have a faster rate of fall for 
their weight than do seeds with terminal wings much 
longer than their width, as in the spruces. He found 
that Abies fraseri seed from a North Carolina source 
had an average weight of 0.013 gm and fell through 
undisturbed air at the rate of 5.1 ft per second as 
compared with values of 0.0053 gm and 3.9 ft per 
second for Picea rubens seed also from a North 
Carolina source. Unfortunately, no values for effec- 
tive dispersal range of either species are available. 

Observations on the seeding of beech and buckeye 
trees adjacent to Round Bald and particularly m 
the orchard forest, indicate that seed-fall is almost 
restricted to the area beneath the canopy. Almost 
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all of the seeds are soon removed by small rodents, in 
particular the red squirrel, for storage within the 
forest. A high proportion of beech seed produced in 
the area are empty (ca. 87% in 1957), and it is these 
which remain on the ground after the full seeds have 
been removed by rodents. The very limited dispersal 
range of the hardwood seeds, together with their 
important place in the diet of the local rodents, great- 
ly reduces the probability of hardwood seedlings 
becoming established on the bald. 

A study of small rodent distribution within the 
two main forest types and on the bald, appeared to 
be warranted because of the importance of these ani- 
mals in both the consumption and transportation of 
coniferous and hardwood tree seeds (Martin, Zim & 
Nelson 1951). A trapping study was made in the 
Carvers Gap area of Roan Mountain where pure 
stands of both hardwood (beech) and coniferous 
(spruce-fir) forest, together with a bald, were availa- 
ble within a small area. Fourteen “Museum Special” 
traps, baited with peanut butter, were used during 
the study period (Aug. 6-Sept. 8, 1957). The latter 
part of this period coincided with the time of ripen- 
ing of hardwood tree seeds, but was about 3 weeks 
prior to the ripening of the coniferous seeds. A 6- 
day study was made of the gradient of rodent distri- 
bution between both the spruce-fir forest and the bald, 
and between the hardwood forest and the bald. 

For each of these, the 14 traps were arranged 
linearly with 7 traps at 10-m intervals in the forest, 
1 on the forest margin, and 6 at 20-m intervals on the 
bald. The traps were inspected and rebaited during 
early morning and again just before dusk, so that 
diurnal and nocturnal catches could be differentiated. 

The results indicate that the rodent population is 
considerably higher in both forest types than on the 
bald. The only rodent species caught on the bald was 
the meadow mouse or vole, Microtus pennsylvanicus 
pennsylvanicus, a species not recorded from the forest. 
These rodents are known to be seed eaters (Martin, 
Zim & Nelson 1951), but they are probably of insuffi- 
cient abundance on the balds (only two individuals 
were caught) to be an important factor in retarding 
forest invasion. The distinctness of the forest and 
bald rodent faunas suggests that these animals are of 
negligible importance in affecting the rate of tree 
invasion. 


DISTRIBUTION OF THE HIGH-ALTITUDE 
FORESTS IN RELATION TO THE 
OCCURRENCE OF BALDS 

Whittaker (1956: 60-61) has discussed the anoma- 
lous distribution of subalpine coniferous (spruce-fir) 
forests in relation to altitude in the Smoky Moun- 
tains, and Billings & Mark (1957) have applied the 
anomaly to a possible explanation for the origin of 
certain of the balds throughout the region. Whit- 
taker’s thesis is that during the post-Wisconsin xero- 
thermie period, coniferous forest was restricted to 
areas above 5,600-5,800 ft in the Smoky Mountains 
and was thus eliminated from the area of lower peaks 
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southwest of Clingmans Dome. The lack of a seed 
source in this area prevented the recolonization by 
spruce and fir as the subsequent cooling climate again 
produced a potential spruce-fir zone in the area. This 
latter zone is now occupied by high-altitude decidu- 
ous forest, except for certain peaks which are capped 
with balds, e.g., Silers, Thunderhead Mountain, Rocky 
Top, Gregory, and Parson. 

This same phenomenon may also apply to many 
of the balds in other areas, e.g., Big, Craggy Knob, 
Cragegy Pinnacle, Grassy, Hooper, Jane, Round, Soco, 
and Stratton. These balds could possibly have origi- 
nated as the hardwood forest retreated downward in 
response to cooling climate. Evidence that the hard- 
wood forest species involved are very close to their 
upper tolerance limits in the vicinity of the balds has 
already been presented. However, in the absence of 
grazing, the hardwood species are presently invading 
these balds, which suggests they could ultimately be- 
come reforested. 

The presence of numerous fields in the region 
indicates that destruction of these high altitude hard- 
wood forests often results in persistent treeless areas, 
probably because the treeless environment is a more 
severe one than that of the forest interior, and there- 
fore approaches more closely the tolerance limits of 
the hardwood tree seedlings involved. For this reason, 
such areas have been termed “bald susceptible” (Bill- 
ings & Mark 1957). 

It may be significant that the ecotonal balds tend 
to be associated with mountains which support a 
relatively small population of spruce and fir. Thus, 
one of the largest ecotonal balds occurs on Whitetop 
Mountain (Figs. 2 & 11) which supports a very small 
coniferous forest of pure spruce, whereas no balds 
occur on the highest range (Black Mountains) which 
supports a very large population of both spruce and 
fir. Many of the balds in the Balsam Ranges (Kast 
and West Rough Butt, Wet Camp Gap, Charley, 
Gage, Gage Gap, and Rich Mountain Gap) also are 
associated with relatively small populations of spruce 
and fir. One exception to this generalization is 
Andrews Bald in the Smoky Mountains, which is 
directly below Clingmans Dome (6,642 ft), the second 
highest mountain in the region, but this bald is now 
being invaded rapidly by both spruce and fir. 

A comparison of the coniferous forests on White- 
top Mountain (5,520 ft) with the adjacent and slight- 
ly higher Mount Rogers (5,720 ft) (Fig. 11) provides 
additional evidence for the effect of post-Wisconsin 
or relatively recent xerothermic or hypsithermal® peri- 
ods on the present distribution of the high-altitude 
vegetation. The lower limit of fir (5,350 ft) on the 
south slope of Mount Rogers suggests that there is at 
least 150 ft of a potential fir zone on Whitetop Moun- 
tain, 3.5 mi to the west-southwest. The absence of 
fir from Whitetop Mountain is probably the result of 
a xerothermic or hypsithermal period which eliminated 
fir, but not spruce, from the mountain. This suggests 


8A “xerothermic”’ period implies one which was both warmer 
and drier than the present, whereas ‘“‘hypsithermal’’ implies 
warmer but not necessarily drier conditions than presently exist. 
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Fig. 11. Diagrammatic representation of the high- 
altitude vegetation of 2 areas in the region, showing 
evidence for the influence of previous xerothermic or 
hypsithermal periods on the present distribution of the 
vegetation. In the Roan Mountain area, Round Bald 
occupies the lower part of the altitudinal zone of spruce- 
fir forest on Roan High Knob. Spruce and fir may have 
been eliminated from Round Bald during a xerothermic 
or hypsithermal period. On Whitetop Mountain there is 
about 150 ft of a potential fir zone on the basis of the 
lower limit of fir on the adjacent higher Mount Rogers. 
Fir may have been eliminated from Whitetop Mountain 
during a xerothermic or hypsithermal period. 


that only a very small (and probably biotype-de- 
pleted) population of spruce was left after the fir 
was eliminated from this summit. Perhaps such a 
depletion of biotypes on lower mountains such as 
Whitetop, which provided refuge for only a small 
population of spruce, or spruce and fir, during recent 
xerothermie or hypsithermal periods made these pop- 
ulations relatively poorly adapted to invade downward 
on certain sites, with the subsequent cooling climate. 
Additional evidence for such a theory is the 
apparent relationship between the height of a moun- 
tain supporting coniferous forest, and the lower alti- 
tudinal limits of this forest. The lower limit of 
south-slope coniferous forest on the Black Mountains 
(6,684 ft) is about 4,800 ft, on Roan Mountain (6,287 
ft) 16 mi to the north it is about 5,400 ft, and White- 
top Mountain (5,520 ft) 68 mi. to the northeast it is 
about 5,350 ft. It thus appears that, allowing for 


differences in latitude, the coniferous forest extends 
downward to increasingly lower altitudes on moun- 
tains of increasing altitudes. An attempt has been 
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made to determine whether spruce biotype differences 
at varying altitudes on these 3 mountains can be 
demonstrated. 

The probable history of the high-altitude vegeta- 
tion in the region during post-Wisconsin times, and 
its significance in explaining the origin of many of 
the balds is presented in Fig. 12. The evidence for 
these theorized vegetational changes is based on the 
present distribution of the high-altitude vegetation 
previously discussed, together with the evidence pre- 
sented by King & Stupka (1950) for the occurrence 
of tundra vegetation “above 4,000 or 5,000 feet? in 
the Smoky Mountains “during the Pleistocene.” 
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Fig. 12. Diagrammatic rej resentation of the proba- 
ble history of the high-altitude vegetation of the region, 
during post-Wisconsin time. Only one mountain is in- 
cluded to show pre-xerothermie (or pre-hypsithermal) 
vegetation, while 4 mountains varying in altitude show 
the vegetation during a xerothermie (or hypsithermal) 
period. These same 4 mountains show the present (post- 
xerothermic) distribution of the high-altitude vegetation. 
The overlap of coniferous and hardwood forest is shown 
only for the present distribution. 





Whittaker (1956) attributes the elimination of 
spruce-fir forest from the lower peaks in the Smoky 
Mountains to a xerothermie period of 4,000 yrs ago 
(Flint 1947). Billings & Mark (1957) suggest “post- 
Wisconsin or relatively recent xerothermic periods” 
as having the same effect in other parts of the 
region. At the time of these publications, a xero- 
thermie period had not been demonstrated in the 
region. However, a recent palynological study (Bar- 
clay 1957) in eastern Tennessee, revealed a period of 
high oak-hieckory-chestnut combination, which was 
interpreted as “the beginning of the warm, dry xero- 
thermie period designated as Cy by Deevey.” 
Although no C!™ dating was obtained for this period, 
datings in other areas indicate that it terminated 
about 2,000 yrs ago (Deevey & Flint 1957). 

Beetham (1958) reports on pollen studies of soil 
under Polytrichum spp. polsters in the spruce-fir 
forest on Roan Mountain and among the grass vege- 
tation on the upper north slopes of Round and Big 
Balds, in an attempt to trace the vegetational and 
climatic history of these areas. All 3 profiles showed 
a “similar climatie pattern from the past vegetational 
composition.” The abundance of Castanea pollen at 
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the bases of the profiles is taken as evidence that 
chestnut-dominated forests once grew at high eleva- 
tions and probably on the areas now occupied by the 
balds, during a relatively warm period. This period 
was interpreted as corresponding with the Cy period 
of Deevey or the hypsithermal interval of Deevey & 
Flint (1957), and also with the “xerothermie period” 
demonstrated by Barclay. No information was ob- 
tainable on the vegetation and climate during pre- 
xerothermie times. A decline of Castanea with de- 
creasing depth was accompanied by increase in non- 
arboreal and conifer pollen. This change was inter- 
preted as evidence for cooling climatie conditions. On 
Roan Mountain, ferns (chiefly Polypodiaceae) and 
grasses became abundant, whereas on Round Bald 
only ferns were abundant, and on Big Bald grasses 
predominated. These latter changes were interpreted 
as indicative of the origin of the balds. 

These findings support the theory that many of 
the balds have probably originated in post-xerothermie 
(or post-hypsithermal) times as the hardwood forests 
retreated downward in response to cooling climate. 

The present rate of spruce and fir invasion of 
Round Bald from the adjacent coniferous forest on 
Roan Mountain, suggests that the rate of invasion has 
been recently accelerated, possibly by removal of the 
buckeye forest in Carvers Gap, by the recent cessa- 
tion of grazing, or as Brown (1941) suggests, by 
recent climatie fluctuations. It may be that this bald 
originated as a result of climatic cooling following <¢ 
relatively recent xerothermie or hypsithermal period 
of sufficient magnitude to eliminate spruce and fir 
from the summit of Round Bald, but of insufficient 
duration to be revealed in a pollen profile. Thus, 
the time of origin of the balds has not been deter- 
mined; it is possible that they did not all originate 
during the same period of time. 


REVIEW OF PREVIOUS THEORIES ON BALD 
ORIGIN, MAINTENANCE, AND EXTENSION 

Although the first written reference on possible 
causes of the balds dates back to 1903, it is only in 
one of the most recent studies (Gilbert 1954) that the 
distinction between the separate problems of bald 
origin and bald maintenance has been stressed. To 
these could be added the problem of bald extension. 

This lack of distinction between these separate 
problems by many of the earlier workers has been 
a major factor in the failure to arrive at an acceptable 
explanation for the presence of the balds in this re- 
gion of forest climate. The cause of the treeless 
condition has been the subject of wide speculation in 
the past, and many workers have erroneously gen- 
eralized from their observations on one or a few balds. 

A review of the previous literature may be most 
adequately presented factor by factor, rather than 
chronologically. 

Two of the earliest naturalists to visit the region 
prior to the 19th century, Andre Michaux and William 
Bartram, made no mention of the balds. Both Mitch- 
ell (1835) and Gray (1842) visited numerous moun- 
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tains, among them Roan Mountain, and both give a 
description of the grass balds in the area, but neither 
attempted an explanation for their presence. 

In reviewing the previous theories, it is impossible 
to review separately those postulated to account for 
bald origin, for bald maintenance, and for bald ex- 
tension, since this distinction has usually not been 
made. However, those cases in which the distinction 
was made will be treated as applying to origin, main- 
tenance, or extension, as the case may be. The 
explanations can be classified under two broad cate- 
gories, natural and artificial factors, as follows: 


A. Natural factors 
1. Climatic 
a. ice, snow, and wind breakage 
b. rainfall deficiency 
c. effects of a previous xeric period 
d. changes in factors related to increasing alti- 
tude 
2. Edaphie 
a. soil moisture deficiency 
b. extreme soil temperatures 
e. soil acidity 
d. insufficient soil 
3. Topographic 
a. exposure to desiccating winds 
b. high run-off 
4. Biotie 
a. grazing, browsing, and trampling by native 
animals 
b. plant competition 
e. insect damage to tree foliage 
5. Pyrie 


B. Artificial factors 
1. Clearing of the forest by man in prehistorie 
times 
2. Burning by man 
3. Heavy grazing pressure by domestic animals 
Each of these is dealt with in turn below. 


NATURAL FACTORS 
THEORIES PERTAINING TO CLIMATIC FACTORS 

a. Harshberger (1903) was the first to offer an 
explanation for the balds (of Roan Mountain) which 
he describes as a “sub-alpine treeless formation.” He 
attributes this formation to removal of trees by 
winter ice-storm injury on the exposed areas occu- 
pied by the more “adapted” plants of the bald vegeta- 
tion. His evidence for such a theory was based prin- 
cipally upon Edson’s (1894) observations on winter 
frost forms near the summit of Roan Mountain. 
Brown (1953), reporting on survival of spruce and 
fir transplants to Round Bald, found evidenee that 
winter ice-storm injury in the form of broken twigs 
is a factor in retarding young tree growth on the 
balds, but “does not appear to inhibit seedling growth 
sufficiently to be a limiting factor.” 

In his study of the Roan Mount.in vegetation, 
Brown (1941) suggests wind-throwing of trees as a 
possible factor in the origin of grass balds of the area. 
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Welts*(1936b), discussing the origin of Andrews Bald, 
mentions the occurrence of hummocks and depressions 
produced by old windfalls on the upper and lower 
sides of the bald, thus suggesting wind-throwing as a 
factor in bald extension. Because the large central 
area of the bald was free from these features, he 
states that “windfall cannot account for the origin.” 
He also reports similar forest dimples from Indian 
Graveyard Bald (Wells 1937), but does not discuss 
the origin of this bald. 

b. Daubenmire (1954), on the basis of T.V.A. 
rainfall data compiled by Donley & Mitchell (1939), 
suggests the possible importance of rainfall deficiency, 
and states (pers. comm.) that “the balds occur in a 
zone of reduced precipitation and that this alone may 
be a significant factor in explaining their presence.” 

c. Some workers suggest that the vegetation of the 
region may still show the effects of a previous xeric 
period. Cain (1942) mentions the possibility that the 
balds could have originated during a “xerothermic 
period in post-Wisconsin time” through “local de- 
struction of the [dwarf northern hardwood] woodland 
in the most exposed places, and the establishment of 
the grassland type of vegetation.” 

More recently, Whittaker (1956) suggests that 
climatic warming during the post-Wisconsin period 
has been an important factor in determining the pres- 
ent distribution of high-altitude forest vegetation in 
the Smoky Mountains. The importance of this in 
explaining the numerous balds of the area is not em- 
phasized, however. Billings & Mark (1957) extend 
this idea in theorizing a possible explanation for the 
origin and extension of many balds in the region. 
They postulate that those balds which occupy a poten- 
tial spruce-fir zone in an area from which this forest 
type. is absent (e.g., Big Bald, 5,530 ft), probably 
originated and also extended with a cooling climate 
following “post-Wisconsin or relatively recent xero- 
thermic periods” when spruce-fir forest would have 
been eliminated from many of the lower peaks which 
it previously occupied. They also hypothesize that 
elimination of “lower margin spruce biotypes” during 
such xerothermie periods, from peaks sufficiently high 
to be refugia, may account for the slow downward 
reinvasion of this species, relative to the downward 
retreat of the hardwood forest, during the subsequent 
period of cooling climate, thus explaining the origin 
and extension of the ecotonal balds, e.g., Whitetop 
Mountain Bald. 

d. Most workers to date have attached only minor 
importance to the high altitude, together with the 
relatively narrow altitudinal range in which the balds 
occur. Davis (1930) mentions that the balds of the 
Craggy Range “are most commonly found between 
5,000 ft and 6,100 ft on exposed situations”, and also 
that they “exist most commonly at the altitude of the 
transition zone between northern hardwood and 
spruce-fir forests.” The hardwood forests surround- 
ing the balds are described as a “sub-alpine orchard 
association” because of the open nature of the stands 
and the dwarfed and gnarled appearance of the 
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trees. He also suggests the possibility of “retrogres- 
sion” from this forest community to balds. 

Describing the approach to Gregory Bald from the 
north, Camp (1931) states, “as one ascends, this 
chestnut-red oak forest becomes more and more 
stunted until it is less than 20 ft high, suddenly giv- 
ing way to a low, dome-shaped treeless area—Greg- 
ory Bald—at an elevation of 4,957 ft.” However, he 
also states that “the altitude and steepness of slope 
are not the determining factors, for comparable alti- 
tudes and steeper slopes some miles to the northeast 
support a thick stand of beech, birch, spruce, and fir’ 
{but not chestnut and red oak]. In a later report 
(Camp 1942) he says, “the natural balds . . . [are] 
above the altitude of effective tree colonization for 
that locality.” Cain (1942) also emphasizes the im- 
portance of altitude by indicating that the hardwood 
forests associated with the balds in the Smoky Moun- 
tains are “near a climatic limit for hardwoods” as evi- 
deneed by “their reduction of stature, slow growth, and 
grassy underlayer.” More recently, Whittaker (1956) 
compares the balds with “false timberlines on isolated 
ranges of the West,” and comments that the deciduous 
forests in the vicinity of the balds “are high elevation 
members of their group, of reduced stature, and per- 
haps well beyond favorable conditions of temperature 
and growing season. Daubenmire (pers. comm.) states 
that “the gradual reduction in tree height towards 
the balds, the marginal shrub belt, and finally the 
open center of herbaceous vegetation, seems to me to 
represent progressive dwarfing rather than invasion, 
hence suggesting a cause for the balds that is related 
to either soil or climate.” 

Billings & Mark (1957) emphasize the proximity 
of the balds in this and other regions to the upper or 
lower altitudinal limits of a forest type zone. The 
halds are thus “essentially forest margin or ecotone 
phenomena existing near the tolerance limits (sensu 
Good 1953) of the principal forest dominants.” In 
this region, the balds oceur near the upper tolerance 
limits of beech, buckeye, and red oak, and near the 
lower limits of red spruce and Fraser fir. Billings & 
Mark suggest that forest destruction near these toler- 
ance treelines will result in persistent balds because 
the severe environment of the treeless areas approach- 
es the tolerance limits of seedlings of the regional tree 
species. The importance of the lack of a spruce and 
fir seed source on many of the balds which occupy 
a potential spruce-fir zone (e.g., Big Bald, 5,530 ft) 
is also stressed by Billings & Mark as an important 
factor in the maintenance of many balds. 


THEORIES PERTAINING TO EDAPHIC FACTORS 


a. Brown (1941), among others, stresses the im- 
portance of occasional periods of soil moisture def- 
ciency at times critical to woody seedlings in account- 
ing for bald maintenance. He observed the death of 
some conifer seedlings established on the bald near 
Carvers Gap, and up to 20% of the grass clumps in 
some areas, following the mild drought of June, 1936. 
Wells (1937) and Camp (1931) stress the importance 
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of occasional droughts in determining the nature of 
the bald vegetation. 

b. Davis (1930) suggests that great extremes in 
soil temperatures may contribute to the treeless con- 
dition of the grass balds of the Craggy Range, but 
presents no supporting data. 

c. Davis (1930) deseribes the balds of this area as 
probable “edaphic climaxes” on the basis of “instru- 
mental data” which indicated “very acid’ soil (Davis 
1929). 

d. Davis (1930) mentions that the soil associated 
with grass balds in the same area is thin, with rock 
outerops common, but he does not suggest this as a 
factor contributing to the treelessness. Fink (1931) 
and Gilbert (1954) dismiss thinness of soil as a factor, 
since they observed that soils were frequently deeper 
on the balds than in the adjacent forests. Similarly, 
Cain (1931) was impressed by the “deep and mature” 
soils of the grass balds of the Smoky Mountains. 


THEORIES PERTAINING TO TOPOGRAPHIC FACTORS 

a. That balds predominate on rounded summits or 
southwest slopes has led many writers to suggest that 
exposure to desiccating winds at critical times is the 
most plausible explanation for the balds. 

Davis (1930) terms the bald association a “physi- 
ographic-edaphic climax”, and emphasizes “the great- 
est extremes in atmospheric conditions” which prevail 
on these sites. 

Camp (1931), in his discussion of the grass balds 
of the Smoky Mountains, particularly Gregory and 
Parson Balds, also emphasizes the factor of exposure. 
He states that the balds are “probably produced by 
occasional desiccating southwesterly winds” that sweep 
in during mid-summer between periods of foggy 
weather which are typical of the area during this 
season. It is these winds, together with the “occa- 
sional periods of excessive drought .. . that limit the 
character of the bald,” according to Camp. 

Peattie (1936) attributes the balds of the Smoky 
Mountains to excessive evaporation due to the isola- 
tion of the bald peaks, since “isolated peaks of mod- 
erate elevation are usually barren of trees even though 
their altitudes are below the level of critical temper- 
ature and precipitation.” This theory, however, is 
refuted by Gilbert (1954), who states that “the bald 
spots are often no more isolated than many of the 
forested areas.” 

Brown (1941) suggests that “increased transpira- 
tion’, together with “decreased soil moisture” on “the 
heavily exposed dome-shaped summit” of Round 
Bald, may have been significant factors in the elimina- 
tion of trees from its summit. King & Stupka (1950) 
suggest that “exposure to prevailing winds” is the 
chief factor in bald maintenance. 

Recently Whittaker (1956) describes the grass 
balds of the Smoky Mountains as a “topographic 
climax” of “extreme exposure type.” He favors bald 
origin through “natural causes”, and suggests that 
“climatic factors connected with south and west ex- 
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posure are critical’, and, in particular, exposure to 
westerly winds. This, together with high water loss 
through runoff results in “conditions of unfavorable 
moisture balance” that “have excluded trees from the 
grassy bald.” 


THEORIES PERTAINING TO BIOTIC FACTORS 

a. Cain (1942) among others, suggests the possi- 
ble importance of grazing, browsing, and trampling 
by native animals, particularly deer, prior to the com- 
ing of white man and his domestic animals, in both 
origin and maintenance of the balds. Camp (1942) 
considers that deer have assisted in maintaining and 
extending the balds. Billings & Mark (1957) suggest 
that “grazing and browsing by wild herbivores such 
as deer and bison may have had some part in the 
maintenance of the ... balds prior to the coming of 
domestic stock.” 

b. Plant competition as such, has not been pro- 
posed as a factor in bald origin, although Davis 
(1930) suggests that balds may originate and/or ex- 
tend through “failure of the orchard association to re- 
place its tree species” because of the prevention of 
natural reproduction by the dense and tall herbaceous 
cover of the forest floor. Wells (1937) states that “the 
competition of the remarkable oat grass [Danthonia] 
is too severe for tte woody plants,” thus “accounting 
for the maintenance of these artificial areas through 
centuries of time.” Gilbert (1954) also mentions the 
competition afforded by this grass as being of impor- 
tance in retarding establishment of woody seedlings. 

c. Gates (1941), from his observations on Wayah 
and Wine Spring Balds, proposes the theory that the 
balds were caused by the destruction of hardwood 
trees by twig gall wasps. He observed large numbers 
of these wasps damaging trees on and adjacent to 
these two “balds” on two separate occasions. Both 
of these “balds’” are anomalous, in the author’s 
opinion. Gilbert (1954) cites one case of insect dam- 
age to two small trees of Pinus rigida on Spence Field 
in June, 1953, and he suggests that this factor could 
contribute to bald maintenance where trees are sparse. 
However, he does not consider this an important fae- 
tor in either bald origin or bald maintenance. 


THEORIES PERTAINING TO PYRIC FACTORS 

Only one ecologist, Clements (1936) attributes the 
balds entirely to fire. It is not specified whether these 
fires were of natural or human origin. Camp (1942) 
believes that fires started by lightning are a factor in 
both maintenance and extension of balds. Davis 
(1930) lists fire as a possible causal factor, and Cain 
(1942) suggests “recurring fire” as a possible factor in 
bald maintenance. Fink (1931) and Wells (1937) 
refute the theory that fire alone could have caused 
the balds, on the grounds that normal plant succes- 
sion following fire leads to restoration of forest cover 
consisting predominantly of fire cherry (Prunus pen- 
sylvanica), which acts as a nursery cover for the 
climax species. 
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ARTIFICIAL FACTORS 


THEORIES PERTAINING TO CLEARING OF THE FOREST 
BY MAN 

Wells (1936a, 1936b, 1937, 1946, 1956) alone, is a 
proponent of the human origin of the balds through 
clearing of the forest by Cherokee Indians in prehis- 
toric times. In his study of 23 balds in the region, 
Wells (1937) develops the theory of Indian origin of 
the balds and presents most of his evidence. He 
postulates that mechanical disturbance of the vegeta- 
tion by Indians at soil level prevented normal suc- 
cession and made possible the establishment of the 
mountain oat grass (Danthonia compressa) which was 
able to compete successfully with the woody vegeta- 
tion. Additional supporting evidence evoked, is the 
“high ridge trails’ which had been produced by re- 
moval of the forest vegetation, and subsequent tram- 
pling. The balds then, he describes as “essentially 
expanded trails.” The predominance of balds on 
“gentle, warm, south-facing slopes of high ridge tops, 
gaps, or knobs, just above or near to springs” is used 
as evidence that the balds were created as summer 
camp sites. The relatively regular outline of parts of 
certain balds, e.g., Andrews, is taken as additional evi- 
dence for the Indian origin. Balds in which the soil is 
almost continually saturated, and which would thus be 
“unadapted for camping,” are assumed to be “game 
lure balds.” Small balds “located near or on sharp 
summits” are assumed to have been “little more than 
lookout stations.” Wells infers from the Cherokee 
legends “that the balds far antedated the 18th century 
Cherokee.” 

The Indian theory of bald origin has received con- 
siderable criticism. Fink (1931) believes that the 
Indians lacked both sufficient energy and the neces- 
sary tools to have originated such extensive clearings, 
and even had this been achieved, the clearings would 
have been completely reforested in the centuries 
which have elapsed. He also discounts the theory on 
the basis that these Indians have among their legends 
a mythical account of the creation of balds by the 
“Great Spirit” as lookout posts, which suggests that 
the balds predated the Indians. For a more detailed 
account of the Cherokee Indian legends see Fink 
(1931), Wells (1937), and Gilbert (1954). Both 
Davis (1930) and Brown (1941) criticize the theory 
on the basis that positive evidence for Indian occupa- 
tion of the balds in the form of arrowheads and other 
artifacts is lacking, whereas ample evidence has been 
found at lower altitudes in areas known to have been 
inhabited by Indians. Support for this theory has 
thus declined with time and it is no longer considered 
likely, except by its original proponent (Wells 1956). 

It is known that a number of fields have been 
formed, and many balds extended within historical 
time by cutting of the forest trees by white man. 
Spence Field and Russell Field in the Smoky Moun- 
tains were cleared of forest about 1880. There is no 
evidence for original treeless areas on these two 
fields (Gilbert 1954), although Wells (1937: 21) indi- 
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cates that he believes Spence Field was enlarged from 
a bald already present. 

Crabtree and Sandymush “Balds” in the Newland 
Range were extended from relatively small grassy 
patches near their summits by the removal of dwarf 
oak forest about 50 yrs ago, according to Mr. Justice 
Sr. (pers. comm.) of Bald Creek, one of the oldest 
residents in the district, who assisted with the felling, 

Round Bald was extended down to Carvers Gap 
between 1880 and 1900 by the cutting for fuel of the 
hardwood trees (Brown 1941) from what Harshberger 
(1903) described as an “Aesculus association.” Griggs 
(1942) states that the “outline of the bald” on Roan 
Mountain is largely due to logging operations, imply- 
ing that recent tree cutting has been a factor in bald 
extension on this mountain. Davis (1930) lists eut- 
ting of timber in the Black Mountains and Craggy 
Range as a possible factor in bald origin. 

Wells (1937) states that recently formed balds are 
distinguishable from the original balds by their “nota- 
bly thinner depth of soil” and relatively high domi- 
nance of Kentucky blue grass and weeds. The 
evidence obtained in the present study, however, sug- 
gests no such simple method of differentiating ancient 
from recent balds. Whittaker (1956: 57) also re- 
marks on the “close similarity of the vegetation of the 
balds with the cleared fields of the Smokies (Spence 
and Russell Fields),” as does Gilbert (1954). 


THEORIES PERTAINING TO BURNING BY MAN 

Although burning within historical times has never 
been proposed as an explanation for bald origin, 
Brown (1941) suggests that fire, together with brows- 
ing and grazing, and some cutting, has been responsi- 
ble for the extension of Round Bald into the buckeye 
orchard forest on its northeast slope. 

Camp (1931) lists fire with razing as “important 
factors in the changing physiognomy of the balds” 
of the Smoky Mountains, but as playing no part in 
origin or extension of the balds. Wells (1937) found 
evidence of recent burning on certain balds (Cold 
Mountain, Silers). Gilbert (1954) however, produces 
evidence that fire has been of rare occurrence on the 
balds of the Smoky Mountains during the last 50 yrs, 
and he discounts its significance as a factor in the 
maintenance of these balds. 


THEORIES PERTAINING TO INFLUENCE OF GRAZING 
BY DOMESTIC ANIMALS 

Many workers have stressed the importance of this 
factor in both extension and maintenance of balds, 
but rarely in their origin. Camp (1931) and Gilbert 
(1954) list grazing as an important factor in bald 
maintenance and extension in the Smoky Mountains, 
where heavy grazing by various domestic animals 
began shortly after 1818 and continued until about 
1926 when the National Park was established (Gilbert 
1954). 

Both Brown (1941) and Griggs (1942) discuss the 
importance of grazing on the balds in the Roan Moun- 
tain area. Brown suggests its possible importance iD 
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extending Round Bald into the hardwood forest, 
whereas Griggs attributes bald maintenance to grazing 
by domestic stock, especially cattle and horses. 

Davis (1930) lists grazing as a possible factor in 
bald origin in the Craggy Range. Wells (1937) 
emphasizes the importance of relatively recent graz- 
ing by domestic stock in the extension of certain 
“balds” such as Spence Field. King & Stupka (1950) 
and Billings & Mark (1957) emphasize the importance 
of grazing by domestic animals during the last cen- 
tury in maintaining the balds. 


DISCUSSION AND CONCLUSIONS 
In this section, the previous theories presented to 
explain the balds will be assessed in the light of re- 
sults from the present study; and hypotheses for 
the origin, maintenance, and extension of the balds 


will be offered. 


ASSESSMENT OF PREvIOUS THEORIES 
CLIMATIC FACTORS 

Tree damage and destruction by winter storms and 
high winds could be an important factor in eliminat- 
ing trees from exposed summits and, therefore, in the 
origin of certain balds. No conclusive observations 
were made on winter storm damage because of the 
mildness of the 1956-1957 winter. Evidence for wind- 
throwing of trees, in the form of forest dimples (small 
mounds and associated hollows) was obtained from 
Andrews, East Rough Butt, and Indian Graveyard 
Balds. Extensive blowdowns were observed in spruce- 
fir forest on the Blue Ridge. Wind-throwing is an 
important factor in bald extension, and there is evi- 
dence that winter ice-storm injury may retard the 
growth of isolated tree reproduction established on a 
bald. 

A close study of precipitation patterns in the 
region, as described by Donley & Mitchell (1939) and 
by Smallshaw (1953), tends to negate the possibility 
that the balds are causally related to a zone of reduced 
precipitation. Balds occur in zones II, III, and IV 
of Donley & Mitchell and are not confined to the 
zone (IV) with the least increase in precipitation 
with altitude. Moreover, the effect of altitude on 
precipitation is only pronounced during the winter 
season of general cyclonic storms, whereas summer 
precipitation, being of the convectional type, falls as 
showers with little influence from orography (Small- 
shaw 1953). The slight maximum in precipitation 
during the warm season, when a water deficiency 
would be most critical to forest vegetation, also re- 
duces the possibility that balds are causally related 
to insufficient precipitation for tree growth. A pre- 
cipitation study in the Roan Mountain area showed 
that neither the summit nor the slopes of Round Bald 
receive significantly less rainfall than adjacent areas 
recently cleared of hardwood and coniferous forests. 

The effects of post-Wisconsin xerothermic or hypsi- 
thermal periods were probably only of indirect signif- 
ieance in the origin of balds, in that they apparently 
caused elimination or severe reduction of spruce and 





THE EcoLocy oF THE SOUTHERN APPALACHIAN GRASS BALDS 329 





fir populations on the mountains where balds now 
occur. The balds more likely originated during peri- 
ods of cooling climate subsequent to a xerothermic 
or hypsithermal period, rather than during such a 
period. 

The significance which has been attached to high- 
altitude characteristics of hardwood forest in the 
vicinity of the balds, indicating that its component 
tree species are approaching their upper tolerance 
limits, appears to be justified on the basis of the 
information already presented. 


EDAPHIC FACTORS 

The importance of occasional droughts in explain- 
ing the maintenance of balds probably has been over- 
rated, since published observations over the past 20 
yrs indicate that the herbaceous vegetation is much 
more vulnerable to drought than are the trees growing 
either as regeneration on the balds or as mature trees 
in the adjacent forests. The results of a soil moisture 
study during one warm season in the Roan Mountain 
area indicate that soil moisture tensions undergo 
greater fluctuations on open areas, both balds and 
forest clearings, than on forested areas, but higher 
moisture tensions were reached on an area cleared of 
hardwood forest than on the summit or slopes of the 
bald. 

The soil of Round Bald and of areas recently 
cleared of forest in the vicinity, experiences greater 
temperature extremes than occur in soils of the adja- 
cent forests. 

Values for soil depth, texture, pH, organic matter 
content, and chemical analyses, by horizon, for soil 
from balds and their adjacent forests, showed rela- 
tively small and inconsistent differences between the 
vegetation types. The results, therefore, do not sup- 
port the theory that the balds are “edaphic climaxes.” 
The differences recorded are probably consequent on 
the vegetational differences, rather than a cause of 
them. 


TOPOGRAPHIC FACTORS 

The effect of differences in topography on evapo- 
ration was measured to assess the validity of the most 
commonly proposed theory on bald origin and main- 
tenance—that of exposure to desiccating south-west- 
erly winds. The results showed that evaporation on 
the summit, north, and south slopes of Round Bald 
was essentially the same, and exceeded the values for 
nearby areas cleared of hardwood and coniferous 
forest. Total evaporation values for the north slope 
of the bald exceeded those for the south, because of 
the prevailing north-northwesterly winds. During 
brief periods of dry southwesterly winds, however, 
the differences between evaporation rates on the 2 
slopes of the bald, and on an area cleared of hard- 
wood forest, 550 ft below the bald on a south slope, 
were very slight, and thus do not support the theory. 
With only a l-yr study, however, conclusions on the 
importance of this factor are probably not justified. 
Also, the significantly higher values for air maxima on 
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the south slope of the bald compared with the oppo- 
site slope, may have a greater effect on transpiration 
than on evaporation from atmometers on the 2 slopes. 


BIOTIC FACTORS 

The possible importance of native ungulates in the 
origin, maintenance, and extension of the balds in 
prehistoric times can only be speculative. 

The significance of grass competition in prevent- 
ing the establishment of tree seedlings, and thereby 
being a factor in origin, maintenance, and extension 
of the balds, appears to have been overrated. Obser- 
vations indicate that tree regeneration is more abun- 
dant on the densely vegetated balds which are pro- 
tected from domestic animals (e.g., Round Bald, and 
those in the Great Smoky Mountains National Park) 
than on balds which continue to be grazed. 

Insect damage to tree species as a factor in bald 
origin and maintenance is of negligible significance. 
Both of the “balds” on which damage originally was 
reported showed no sign of damaged trees when 
visited during June, 1956. 


PYRIC FACTORS 

Different opinions are held as to the importance 
of fire in the origin, maintenance, and extension of 
balds. It is very improbable that all of the balds 
have originated through fire, because forest fire here 
usually results in a predominance of Prunus pensyl- 
vanica as a successional stage. This species is largely 
absent from balds except for occasional individuals. 
One case is known in which a bald-type vegetation 
has established following forest destruction by fire. 
This is an extensive area between Indian Graveyard 
and Tennessee Balds, north of the Pisgah Ridge, lying 
between 5,200 and 6,200 ft, which, after burning of 
ecotonal and spruce-fir forests perhaps 35 years ago, 
is now covered for the most part with an herbaceous 
vegetation in which Carex spp., Angelica triquinata, 
and Danthonia compressa share dominance. Prunus 
pensylvanica, as small shrubs, is a minor component 
over most of the area, but forms dense thickets in 
some places, especially on the steeper slopes. Large 
stumps and fallen logs are abundant in the area, and 
one ridge has been appropriately named Graveyard 
Ridge. There is no apparent explanation for the 
irregular occurrence of the Prunus thickets. Regener- 
ation of spruce and fir is very sparse, presumably 
because of an inadequate seed source. 

Observations indicate that lightning is an impor- 
tant factor in damaging or destroying hardwood trees, 
especially red oak, on the higher slopes and in the 
vicinity of balds. Forest fires could also be initiated 


through lightning. The rarity of fires on the balds of 
the Smoky Mountains (Gilbert 1954) and in the Roan 
Mountain area (Mr. C. R. Peake, pers. comm.) during 
the last 50 yrs, together with lack of evidence from 
the present vegetation, indicates that this is not an 
important factor in either bald maintenance or exten- 
sion. 
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ARTIFICIAL FACTORS 

The lack of positive evidence for Indian oceupaney 
of the balds, together with the fact that presence of 
the balds can be explained without introducing the 
human agency, are the main reasons why the Indian 
theory of bald origin is not being upheld here, 
Observations show that the presence of bald vegeta- 
tion on high mountain trails depends not on the degree 
of trampling as has been suggested, but rather on the 
presence of a relatively high light intensity at ground 
level. Where a grassy trail in full light enters beneath 
a complete tree canopy, the bald vegetation ends 
abruptly. Additional criticisms of the theory pre. 
sented by others also seem justified. Evidence is 
available, however, for the origin of grassland areas 
(fields) and the extension of balds due to the cutting 
of forests by white man. 

There seems to be no doubt that grazing by domes- 
tic animals in recent time has been one of the most 
important factors in the maintenance of both balds 
and fields. Animal-induced reduction of the shrub 
stratum and elimination of regeneration from the 
forests surrounding the treeless areas, have probably 
been important in the extension of both balds and 
fields. 


PROPOSED EXPLANATIONS FOR THE ORIGIN, 
MAINTENANCE, AND EXTENSION OF BALDS 
These explanations include some which have beer 
proposed by earlier workers, together with others 
which have not been offered previously. 


ORIGIN 


The balds have probably originated from forest 
through agents of destruction which caused sufficiently 
widespread and complete forest destruction to elimi- 
nate the protective effect of the tree canopy. The 
disturbance factors could have included snow and 
ice-storm damage as Harshberger (1903) suggested, 
wind-throwing or wind breakage as suggested, by 
Brown (1941), fire as Clements (1936) proposed, 
or the killing of hardwood trees during extremely 
cold winters. It is impossible to determine the order 
of importance of these factors, or whether all of them, 
or perhaps additional ones, were effective. 

After forest destruction in most areas a relatively 
rapid succession would soon result in the restoration 
of a forest of some kind. However, in areas along 
the ecotone between hardwood and coniferous forests, 
and especially in areas of hardwood forest occupying 
a potential coniferous forest zone, the rate of tree 
seedling establishment would be very slow. The area 
would become occupied with an herbaceous vegetation 
derived from the adjacent forests or disturbed areas 
nearby, and later by introduced pasture and weed 
species. 

The slow invasion of these areas by tree species 
may be due to their location near the upper tolerance 
limits of the hardwood forest dominants (beech, buck- 
eye, and red oak) and near the lower limits of the 
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coniferous forest dominants (red spruce and Fraser 
fir), as Billings & Mark (1957) have suggested. 

Of particular importance in explaining both bald 
origin and maintenance is an understanding of the 
probable effects of post-Wisconsin climatic fluctua- 
tions on the distribution of the high-altitude forests 
in the region, prior to the origin of the balds. There 
is evidence that a xerothermic or hypsithermal period 
restricted spruce-fir forest to an altitude 300 to 1,000 
ft higher than its present lower limits. This could 
have caused (1) elimination of the coniferous forest 
from many peaks which it could now potentially oc- 
eupy if a seed source was available, as Whittaker 
(19096) and Billings & Mark (1957) suggest, and (2) 
a severe reduction in the population size and probably 
also in biotypes of spruce and fir on many other 
mountains as Billings & Mark (1957) hypothesize. 
Biotype depletion may have been insignificant on the 
highest mountains where large populations of both 
spruce and fir could have survived, but would proba- 
bly have been increasingly significant on peaks of 
decreasing altitude where progressively fewer individ- 
uais would have survived. The effect of such a period 
appears to have resulted in the formation of a “bald- 
susceptible zone” (Billings & Mark 1957) in the sub- 
sequent period of cooling climate, extending to the 
present day. This bald-susceptible zone includes the 
areas occupied by high-altitude hardwood forest, 
especially that occupying a potential spruce-fir zone, 
together with the areas occupied by the lower limits 
ot spruce-fir forest; that is, in the region of the eco- 
tone. 

Where no seed source of spruce and fir was availa- 
ble to allow their replacement of the high-altitude 
hardwood forest in response to the cooling climate, 
this latter forest type has persisted in a state of 
d.sequilibrium with the prevailing macroclimatic con- 
ditions. Hardwood regeneration would become estab- 
lished under the protection of the tree canopy, and 
hence the forest would be perpetuated. However, 
if any disturbance factor should have eliminated the 
protective effect of the canopy, the more extreme 
microenvironmental conditions at the level critical 
to seedlings would have prevented, or at least re- 
tarded, tree seedling establishment, and a_ bald 
could thus have originated. It is during this period of 
cooling climate, therefore, that the balds have proba- 
bly originated. The length of this period depends 
upon dating the close of the last xerothermic or hypsi- 
thermal interval. Deevey & Flint (1957) indicate 
that the hypsithermal interval (=xerothermic period) 
terminated about 2,000 yrs ago. However, evidence 
from Roan Mountain and its adjacent Round Bald 
suggests that a more recent and perhaps less extreme 
xerothermie or hypsithermal period may have been 
involved. 


MAINTENANCE 


As with origin, a complex of factors probably has 
been acting to maintain the treeless condition of the 
balds. 


One of the most important of these factors 


THE EcoLoay OF THE SOUTHERN APPALACHIAN GRASS BALDS 








331 


may be the increased severity of the environment at 
the level critical to tree seedlings, which results from 
the elimination of a tree canopy (Billings & Mark 
1957). Some attempt was made to determine the mag- 
nitude of such a change by comparing the microen- 
vironments on Round Bald with those on adjacent 
forested and cleared sites in the Roan Mountain area. 
This study showed that (1) the treeless areas expe- 
rienced more extreme air, lower-air, and soil temper- 
atures than did either coniferous or hardwood forest; 
(2) summer evaporation within spruce-fir forest was 
only 39% of that in the open, while that within hard- 
wood forest varied from 25% on a north slope to 
43% on a south slope, of that on the bald; (3) rela- 
tive insolation during the warm season was reduced 
by 98% within spruce-fir forest, while the hardwood 
canopy reduced it by 94% on a north slope and 84% 
on a south slope; (4) wind velocities within spruce-fir 
forest were reduced to 9 to 15% of those on the bald, 
while within hardwood forest velocities were reduced 
to 6 to 22%; (5) frost action was much more intense 
on the open areas than in the forest as evidenced by 
the frost-heaving of tree seedlings planted to denuded 
areas of the bald; (6) soil moisture tensions in the 
upper 10 em of soil showed much greater fluctuations, 
and during rainless periods reached higher values, on 
open sites than under adjacent forests. Unfortu- 
nately, moisture conditions did not become sufficiently 
critical during the period of measurement to draw 
conclusions on this possibly important factor. 

The combined effect of these and other environ- 
mental differences between both coniferous and hard- 
wood forest interiors, and a treeless area, would sug- 
gest that the tolerance limits of the tree seedlings are 
much more closely approached on the bald than under 
a forest canopy. Thus, one of the most important 
factors in bald maintenance is that the tolerance 
limits of seedlings of the tree species involved, al- 
ready approached in the bald-susceptible zone, are 
much more closely approached or perhaps even exceed- 
ed under the severe environmental conditions to which 
the seedlings are exposed on a treeless area in this 
zone. 

The lack of a spruce-fir seed source on mountains 
from which these species were eliminated during 
xerothermie or hypsithermal times, and on which they 
could now potentially occur as evidenced by the 
growth of the transplants on Round Bald, is another 
important factor in the maintenance of many balds 
(Billings & Mark 1957). 

Xerothermie or hypsithermal periods may have 
caused elimination of lower margin biotypes of spruce 
and perhaps also of fir, on certain mountains, and, as 
Billings & Mark (1957) suggest, the remaining bio- 
types would be relatively poorly adapted to invade 
downward into warmer and drier environments. This 
may be part of the explanation for the maintenance 
of many of the ecotonal balds such as on Whitetop 
Mountain. 

The presence of local biotypic differences within 
these species in the region has not been demonstrated 
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as yet. However, they could be expected to occur in 
the light of a recent study on localized ecotypic varia- 
tion in western white pine (Pinus monticola Doug].) 
by Squillace & Bingham (1958). These workers re- 
port on experiments which demonstrate the “apparent 
existence of distinet ecotypes as little as one-half mile 
apart in continuous Pinus monticola stands.” The 
local ecotypic variations were in response to differ- 
ences in altitude (2,700 to 5,000 ft) and aspect. An 
experiment was initiated in the present study, in an 
attempt to determine whether local biotypic differ- 
ences occur within spruce in the southern Appalachian 
region. 

Another feature of the balds which invites an 
explanation is their greater extension down slopes 
facing south and west, or in some cases their confine- 
ment to southwest slopes. In this regard, the observa- 
tions of Whittaker on the high-altitude forests of the 
Smoky Mountains may be significant. He states 
(pers. comm.) that “spruce extends downward fur- 
ther on the cool north slopes than on the dry south 
slopes; but the difference is a small one, something 
like 100 to 200 or possibly 300 feet. ... The broad- 
leaf trees extend upward at higher population levels 
on north slopes than south ones. . . .the mixture of 
broadleafs into spruce-fir stands is greater, and ex- 
tends through a wider range of elevations in mesic 
sites than in xeric. In this sense there is a broader 
overlap on the north slopes.’”’ It would be expected 
that a similar situation prevails on other mountain 
ranges in the region. Thus, the bald-susceptible zone 
is probably confined to the warmer south and west 
slopes where the overlap between hardwood and co- 
niferous forest is relatively narrow. It would be ex- 
pected that reinvasion of treeless areas would be 
much slower on these’same slopes, than on north and 
east slopes. 

The balds which are surrounded entirely by hard- 
wood forest usually extend several feet lower in _alti- 
tude on south and west slopes. This certainly sug- 
gests that climatic factors associated with these as- 
pects are more critical to, the hardwood species, but 
neither observations nor environmental data obtained 
during the study allow definite conclusions to be 
drawn. The difference in altitude of the upper limits 
of hardwood forest on opposite aspects of a bald is 
clearly associated with different forest types in some 
eases, e.g., Big Bald (5,530 ft) where the south slope 
red oak forest extends up to 5,330 ft while the north 
slope beech-dominated forest extends up to 5,360 ft. 
Perhaps desiccation induced by occasional extended 
periods of dry southwesterly winds is a critical factor 
in eliminating trees, as some workers (Camp 1931, 
Brown 1941, Whittaker 1956) have suggested. How- 
ever, it is possible that the greater extension of balds 
down south slopes is caused by destruction of the 
marginal trees on this slope by the prevailing nor- 
therly winds which occasionally reach high velocities, 
especially during winter. It would be expected that 
such winds are more destructive to marginal trees on 
the leeward slopes of dome-shaped summits than on 
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the windward slopes, where marginal trees would be 
protected by the continuous forest cover on their 
windward sides. In support of this idea, there is an 
abundance of wind-thrown trees on the south slope of 
Big Bald and an absence of them on its north slope. 
Differential windthrowing may also explain why the 
buckeye orchard forest on the margin of Round Bald 
is confined to its northeast slope. Only a detailed study 
of environments and plant responses during critical 
seasons may provide the answer. 

A comparison of soil properties of balds with their 
adjacent forests did not reveal differences which would 
be of importance in maintaining treeless conditions on 
a bald. 

Another important factor in bald maintenance, at 
least within historic time, has been grazing by domes- 
tic animals. This factor has been emphasized by most 
of the previous workers. The abundance of grass and 
browse species on the balds makes them more produc- 
tive for.stock than the adjacent forests. The balds 
have been exploited for this purpose during the last 
100 yrs, except for those balds which were recently 
protected by being incorporated in national parks or 
national forests. The influence of grazing has been 
to maintain a close-clipped herbaceous cover on the 
balds, and eliminate or retard the invasion of woody 
species through trampling, browsing, and reducing the 
protective effect of a tall herb cover on tree seedlings. 
It is possible that grazing and browsing by native 
herbivores such as deer and bison may have assisted 
in maintenance of the balds prior to the introduction 
of domestic stock (Cain 1942, Camp 1942, Billings 
& Mark 1957) but no conclusive information is availa- 
ble. 

The present invasion by tree species on balds pro- 
tected from grazing indicates that many of the balds 
are barely within the tolerance ranges of several tree 
species, and are therefore really long-term succession- 
al vegetation. However, if grazing ceased to be a 
factor, the higher balds from which a spruce and fir 
seed source is lacking, such as Big Bald (5,530 ft), 
would probably persist longer than either the lower 
balds or those with a spruce and fir seed source. 

EXTENSION 

Reasons for the extension of balds are relatively 
easy to determine. Mature trees on a bald margin 
are exposed to more severe environmental conditions 
than those within the forest. Wind-throwing and 
wind breakage of marginal and isolated trees does 
occur, but in the decadent buckeye orchard forests 
observed on several balds, there was no obvious reason 
for the tree killing. 

Opening up of the marginal forests by grazing 
animals, together with establishment of a grass under- 
story, and elimination of tree reproduction, also 
favors bald extension as many previous workers have 
suggested. 

Of importance within historic times has _ been 
man’s extension of the grazing areas by cutting of 
the marginal forest, such as is known to have oceurred 
at «Carvers Gap on Round Bald (Brown 1941). 
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The balds then, have probably originated from 
forest during a post-xerothermic or post-hypsithermal 
period of cooling climate extending to the present day, 
as a result of forest destruction by one or a combi- 
nation of several environmental factors. Only areas 
of destruction which were located near the upper 
tolerance limits of the hardwood forest dominants, 
and near the lower limits of the coniferous forest 
dominants, would be occupied by bald vegetation. 
Regeneration of the forest dominants is retarded or 
prevented on such areas because the environmental 
tolerances of the seedlings of the tree species involved 
are much more closely approached under the rela- 
tively severe environmental conditions on a treeless 
area, than they are under the protection of a forest 
eanopy. Maintenance of the balds can be similarly 
explained, although additional factors of elimination 
of a seed source and possibly of biotype depletion 
of spruce and fir attributable to a previous xero- 
thermic or hypsithermal period, together with graz- 
ing and browsing by large herbivores, probably also 
have been important. Bald extension results from 
tree damage and destruction by the severe environ- 
mental conditions on the margin of a treeless area, 
plus the opening up of the marginal forests by brows- 
ing and grazing animals, and in recent years, by 
man’s destructive actions. 


SUMMARY 

1. An attempt was made to explain the presence 
of high-altitude natural grasslands located on well- 
drained sites, below the climatic treeline, in the pre- 
dominantly forested southern Appalachian Mountain 
region. 

2. Excluding heath balds, not all areas named 
balds on topographic maps qualify as balds; 4 types, 
all on well-drained sites, have been recognized: a. 
completely forested “balds,” b. summits recently 
deforested for the placement of fire lookout towers, 
e. recently deforested grassland areas (fields), and 
d. the true balds which were presumably in existence 
prior to settlement by European-man. 

3. The true balds occupy dome-shaped summits, 
slopes, or gaps. They oceupy slopes of all aspects, 
but more commonly have a greater area exposed to 
the south, southwest, and west. Degree of slope 
ranges from 0° to 28°, but seldom exceeds 15°. 

4. The balds are confined to a relatively narrow 
altitudinal band around 5,400 ft, which is the altitude 
of the relatively abrupt transition between the decidu- 
ous hardwood forest below, and the evergreen subal- 
pine coniferous forest above. Many balds occupy 
summits above pure hardwood forest, in the potential 
altitudinal range of coniferous (spruce-fir) forest. 

5. The slow-growing dwarfed, and misshapen trees 
of the hardwood (red oak, beech, buckeye) forest on 
the bald margins, indicate timberline conditions. On 
some balds, the marginal hardwood forest is in a 
decadent condition and is being replaced by bald 
vegetation. 

6. Growth rates and form of spruce and fir trees, 
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where present adjacent to or on balds, indicate that 
the bald environment is within their tolerance ranges. 

7. Vegetationally, the balds are dominated by an 
herbaceous cover in which Danthonia compressa is 
the only consistently important species. Potentilla 
canadensis and Rumex acetosella also characterize the 
vegetation because of their high values for presence, 
frequency, and density, but not for cover. A large 
proportion of the bald flora consists of naturalized 
and indigenous weedy species. Woody vegetation in 
the form of shrubs, tree regeneration, and relict hard- 
wood trees is characteristic, but only rarely assumes 
importance on balds. Drought killing of tree regen- 
eration is negligible. A comparison of the present 
vegetation with previous descriptions shows that strik- 
ing changes have occurred within the last 20 yrs. 

8. The soils of the balds and adjacent forests are 
generally similar in physical and chemical properties. 
The slight differences are probably the result of the 
vegetational differences, rather than the cause of 
them. 

9. An attempt was made to characterize the micro- 
environments of 3 aspects of a typical bald and to 
compare these with the environments of adjacent 
forested and cleared areas. The study was extended 
over a l-yr period during which climatic conditions 
deviated somewhat from “normal” in the region. 

10. Measurements were made of air lower-air and 
soil temperatures, precipitation, evaporation, relative 
insolation, fog (low cloud), wind, and soil moisture 
tensions. It was found that the bald environments 
are usually much more extreme than those within 
adjacent hardwood and coniferous forests, but gen- 
erally no more extreme than nearby areas recently 
cleared of these forests, where regeneration is estab- 
lished. Environments on 3 aspects of the bald were 
generally similar. 

11. Spruce and fir seedling experiments have 
shown that Round Bald, at least, is within the toler- 
ance ranges of these species. Growth measurements 
and phenological observations of spruce and fir seed- 
lings transplanted to different sites in the Roan Moun- 
tain area showed that survival and growth of these 
species vary little among hardwood forest sites, conif- 
erous forest sites and vegetated sites on the bald and 
on cleared areas. Extreme winter and summer con- 
ditions on bare soil at open sites resulted in low 
survival and low rates of terminal growth, indicating 
that conifer seedling establishment on a bald may de- 
pend on the protection afforded them by the bald vege- 
tation. Seeding experiments with Fraser fir on dif- 
ferent sites in the Roan Mountain area were initiated. 

12. Spruce seed and seedlings from 6 different 
populations on 3 mountains varying in altitude, were 
planted on Round Bald to attempt to determine 
whether different populations possess different ge- 
netic potentials for survival and growth on a bald. The 
distribution of balds in relation to the population 
sizes of spruce and fir suggests that biotype differ- 
ences may be significant in explaining the presence 
of the balds. 
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13. Hardwood seeding and transplantations to 
different sites in the Roan Mountain area were made 
in an attempt to understand the ecology of the balds 
in relation to the hardwood forest timberline. 

14, Seed dissemination studies of the conifer and 
hardwood forest dominanis in the vicinity of Round 
Bald suggest that all may have very limited dispersal 
ranges. This could be an important factor in retard- 
ing the rate of forest invasion onto the balds. Dis- 
tinct forest and bald rodent faunas suggest a negligi- 
ble importance of these animals in transporting tree 
seeds across the forest—bald ecotone. 

15. Despite numerous theories explaining the 
origin or maintenance of balds, most are not accepta- 
ble, perhaps because of the frequent failure to dis- 
tinguish between the separate problems of bald origin, 
maintenance, and extension, and also the lack of 
experimental verification of theories. Evidence ob- 
tained during this study tends to invalidate the 
theorized causal factors of rainfall deficiency, eda- 
phie factors (including soil moisture deficiency), 
plant competition, and insect damage, while no evi- 
dence was obtained in support of the theorized im- 
portance of exposure to desiccating winds, or the 
clearing of forest by man in prehistoric times. 

16. However, an understanding of the probable 
effect of post-Wisconsin climatic fluctuations on the 
distribution of the high-altitude forests, does assist 
in providing possible explanations for the origin and 
maintenance of the balds. A xerothermic or hypsi- 
thermal period probably restricted spruce-fir forest 
to an altitude 300 to 1,000 ft higher than its present 
lower limits, thus causing: a. its elimination from 
many peaks which it could now potentially occupy if 
a seed source was available, and b. probably a severe 
reduction in spruce and fir biotypes on other moun- 
tains. Subsequent cooling climate, extending to the 
present day, appears to have caused the formation of 
a bald-susceptible zone along the ecotone between 
hardwood and coniferous forests and about the po- 
tential ecotone on the mountains from which conifer- 
ous forest had been previously eliminated. Prior 
biotype depletion in spruce and fir in certain areas 


may have retarded the invasion of these species into - 


relatively open land left by the climatic degeneration 
of the upper deciduous forest. 

17. The balds have originated from forests, proba- 
bly during a post-xerothermie or post-lypsithermal 
period of cooling climate, through agents of forest 
destruction which caused local or widespread climina- 
tion of the protective effect of a tree canopy. Only 
in the bald-susceptible zone would the rate of tree 
seedling re-establishment be very slow or lacking. In 
this zone, the tolerance limits of seedlings of the 
dominant tree species involved are already ap- 
proached, and are much more closely approached, or 
perhaps even exceeded, under the severe environmen- 
tal conditions on a treeless area. Such areas would 
become occupied with an herbaceous vegetation de- 
rived from the regional flora and later by introduced 
pasture and weed species. 
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18. Maintenance of the balds depends on a com- 
plex of factors which include: a. the relative severity 
of the open area environment at the level critical to 
tree seedlings. This environment would more closely 
approach the tolerance limits of tree seedlings than 
would the environment of an adjacent forest interior, 
b. the lack of a spruce and fir seed source from areas 
on which they could now potentially occur, ¢. possible 
elimination of the spruce and perhaps fir biotypes 
best adapted to invade downward into warmer and 
drier environments, and d. grazing and browsing by 
domestic animals in recent times, and perhaps by na- 
tive herbivores prior to European settlement. 

19. Extension of balds results from: a. natural 
destruction of the marginal trees, especially hard- 
woods, exposed to relatively severe environmental con- 
ditions, b. opening up of the marginal forests by 
grazing animals, and ec. man’s extension of the graz- 
ing areas within recent times. 

20. Tree invasion on ungrazed balds indicates that 
the balds at present are barely within the tolerance 
ranges of certain tree species and therefore may 
eventually become forested. Spruce and fir are in- 
vading more rapidly than hardwoods. In the absence 
of grazing, therefore, the higher balds without a 
spruce and fir seed source will probably persist longer 
than either the lower balds or those with a spruce and 
fir seed source. 
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INTRODUCTION 


Although the spruce-fir area of the Southern Ap- 
palachians has interested several investigators, there 
have been few studies of the herbaceous plants in 
relation to the canopy and none with this relationship 
as the primary objective. Ecological surveys have 
been made by Cain (1931, 1935), Oosting & Billings 
(1951), and Whittaker (1956), but their papers do 
not report details in reference to site types and in- 
clude rather limited material on the ground cover. 
Possible site types were mentioned by Whittaker but 
were not described and few supporting data of an 
objective nature were included. 

Cain in his 1935 paper on Ecological Studies of 
the Vegetation of the Great Smoky Mountains wrote 


To employ all layers in the characterization of forest 
types would confuse matters too greatly for applied 
science, yet to construct a forest type and site system 
on the tree layer alone is inadequate. We, too, will 
undoubtedly find the characterization at least of site 
classes within the forest types conveniently made on a 
basis of certain critical species of the inferior layers. 
That is, we will find that site classes are indicated by 
certain species or species combinations of herbs, shrubs, 
mosses, lichens, ete. as already demonstrated for north- 
western America by Ilvessalo (1929), and for the Adiron- 
dack region by Heimburger (1934). 


Because the forest-site concept has never been 
specifically applied to the Southern Appalachian 
coniferous forests, an intensive study of the spruce- 
fir areas in the Great Smoky Mountains National 
Park has been made with particular emphasis on the 
herbaceous and shrubby plant cover. The study re- 


_ * Contribution from the Botanical Laboratory, The Univer- 
sity of Tennessee, N. Ser. No. 196. Supported in part, by a 
grant from the Southern Fellowships Fund and by assistance 
= the Special Biology Fund of Randolph-Macon Woman's 
ollege. 





PAGE 

3eech-Birch Gap Site Types 352 
SPECIES AND ALTITUDE 353 
OO oli 250 cn sie SRE MaRS SSG ee 354 


Germination and Survival of Spruce and 
Fir Seedlings mae ahs 354 


Windthrow and Breakage sored eal 354 
Effect of Disturbance upon Lower Strata 355 
Cyclic Nature of Fir Stands 355 
Succession Following Fire 356 
Succession on Rocks 357 
DISCUSSION 357 
SUMMARY 358 
LPTERATURE COUPER! «oc ois. ako A Khe eae 359 


ported in this paper proposes and describes such 
forest site types and discusses other interrelationships 
of the lower and upper strata of these forests. 

The author acknowledges her appreciation to Dr. 
Royal E. Shanks, Department of Botany, The Univer- 
sity of Tennessee, for his guidance during the course 
of the study. Arthur Stupka, Park Naturalist of the 
Great Smoky Mountains National Park and Dr. Max- 
well E. Springer, Associate Agronomist, Agricultural 
Experiment Station, The University of Tennessee were 
also of avsistance. 


LITERATURE 


The committee on Forest Terminology of the 
Society .“ American Foresters defines site as “An 
area considered as to its ecological factors with refer- 
ence to capacity to produce forests or other vegetation, 
the combination of biotic, climatic and soil condi- 
tions.” This corresponds to the term habitat as used 
by many ecologists. In characterizing and classifying 
forest sites different investigators have used either 
characteristics of the forest stand itself or environ- 
mental factors. Many of these attempts have used a 
single factor such as moisture, land form or chemical 
soil analysis, but no single criterion can in itself 
adequately describe a site since the site type depends 
upon the interaction of all the edaphic, climatic and 
biotic factors. Because of the practical impossibility 
of measuring separately all the complex of factors in- 
volved, other methods have been tried to evaluate site 
types. 

Since a plant responds to the conditions about it, 
it is in a sense, a measure of its environment. Thus 
the plants of any given community reflect the inter- 
action of the many environmental factors, and these 
individual plants or plant communities have been used 
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as indicators of habitat or site. Because of the great- 
er number of species involved and because of the 
more rapid response to changes in their surroundings, 
herbaceous plants have been more frequently used than 
woody shrubs and trees as indicators of site. Indi- 
vidual plant species have been valuable in range 
studies in the West, but in general a plant community 
or group of plants will provide a more complete and 
satisfactory basis for an estimate of the environment. 

Since an excellent review of the development of 
the modern forest site type concept has been given 
in the paper on Forest-type Studies in the Adirondack 
Region by Heimburger (1934), only the most perti- 
nent historical facts will be included here. 

One of the first to develop a system of forest site 
types based upon ground cover vegetation was the 
Finnish forester, A. K. Cajander, in the early 1900’s. 
Because various mathematical and chemical methods 
were difficult to apply and were not suitable for use 
in everyday forestry and silviculture, Cajander estab- 
lished a system of forest types for Finland based 
upon the ground vegetation with the incorporation of 
a few soil features. Cajander (1926) writes 


Whenever the vegetation is sufficiently rank enough 
to induce a struggle and competition for space between 
the different individual plants, the latter combine to form 
more or less regular plant associations, which have a 
definite distribution and occurrence, and are in nature 
marked off from one another with comparative precision 





Each of these communities possesses a vegetation of a 
regular composition and occupies a locality of definite 
character. 

Since this is the case, nothing is more natural than to 
make use of the plant association in some form or other 
in the classification of forest localities, i.e., of forest 
land. 

It is possible, especially in mature forests, to distin- 
guish quite definite plant associations characterized by 
plant species which are always or nearly always present. 


Among the characteristic species to be included 
are those in greatest abundance and frequency, those 
of lesser abundance but always or nearly always 
present, and those although rare, which are exclusively 
present in the association. Absence of plant species 
may also be important, but only exhaustive study 
makes such information available. 

Based upon the ground vegetation pattern Cajan- 
der first divided the forest site types of Finland into 
three main classes as follows: 

1. The Dry Moss-(and Lichen-) Forest Class 

2. The Moist Moss-Forest Class 

3. The Grass-herb Forest Class 
Later in 1949, two more classes were added. 

4. Spruce and Broadleaf-tree Peat-Moor Class 

5. Pine Peat-Moor Class 

Each of these 5 classes is further divided into 
types based upon characteristic plants in the under- 
growth. Thus the Moist Moss-Forest Class is sub- 
divided into four types, depending upon the kind and 
luxuriance of mosses, Oxalis, dwarf shrubs and herba- 
ceous plants. 
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Sukachev (1928) classified the spruce communities 
of European Russia into 5 “asso¢iations” each of 
which was further divided into several types. These 
5 spruce “associations” were based upon 5 funda- 
mental habitats involving degree of development of 
relief, drainage and basic soil type. One of these 
“associations” is Piceetum oxalidosum, with abundant 
Oxalis acetosella, Maianthemum bifolium and Circaea 
alpina; another is Piceetum myrtillosum, with Vacci- 
nium myrtillus and little Oxalis. 

The use of ground vegetation in distinguishing 
forest site types in North America has been attempted 
by Holman (1929), Ilvessalo (1929), Heimburger 
(1934, 1941), Sisam (1938) and Ray (1941), the 
latter three in the Laurentides Park section of eastern 
Canada. While on a grant from the Finnish Govern- 
ment to study forest research and forestry education, 
Ilvessalo made some observations on site types in 
western United States and Canada. Most of this 
study was in the Rocky Mountain area and included 
various coniferous forests. He used the three general 
divisions similar to Cajander’s system described above. 
Each of these he subdivided into several types and 
subtypes based upon ground vegetation. 

Holman in 1929 applied Cajander’s system to 
forests of Alberta and found that there is a very 
close relationship between the ground flora and the 
forest trees. The poorer quality sites checked very 
closely with the Finnish types. 

Some work was done by Brinkman (1929, 1931, 
1936) on the relationship of lichens, hepatics and 
mosses to forest site types. In reference to lichens 
he found that Cladonia spp. were indicators of poorer 
site values, Stereocaulon paschale and Cetraria islan- 
dica of good sites, while lichens were frequently absent 
on highest quality sites. He considered that light was 
the most important factor in determining moss cover 
and that there was little relation between site values 
and species or coverage of mosses. 

Cain & Sharp (1938) reported on certain bryo- 
phytic unions of the spruce-fir associations of the 
Great Smoky Mountains. Moss communities are listed 
for terrestrial habitats, trunks of trees and fallen 
logs. Few species occurred on the trunks of the 
spruce trees (16) compared to the fir trees (29), and 
it was concluded that the more rapid flaking off of 
the bark of the main trunk of the red spruce prevents 
extensive development of bryophytic communities. 
Hylocomium splendens, the final dominant on Abies, 
was absent on Picea and it was thought that this 
might be due to the lesser humidity of the Picea as- 
sociation compared to the Abies. 

Heimburger (1934, 1941) in a study of the forests 
of the Adirondack region and the Lake Edward Forest 
Experimental Area in the Laurentides Park Section 
of eastern Canada recognized nine site types in the 
former and six site types in the latter. Those in the 
Adirondack Region were as follows: 


1. Hylocomium-Cornus type (H-CoT) 
2. Oxalis-Hylocomium type (O-HT) 
3. Aspidium-Oxalis type (Asp-OT) 
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4, Vaccinium-Gaultheria type (V-GT) 

5. Cornus-Maianthemum type (Co-MaT) 
6. Hylocomium type (HT) 

7. Bazzania-Oxalis type (Ba-OT) 

8. Oxalis-Cornus type (O-CoT) 

9. Viburnum-Oxalis type (Vi-OT) 


Within each of these site types there were uniform 
tree volumes, increments, species composition, repro- 
duction and extent of decay. 

Possible site types for the Southern Appalachians 
are included in R. H. Whittaker’s 1956 report on 
Vegetation of the Great Smoky Mountains in which 
he lists 5 subtypes for spruce forests and 4 subtypes 
for fir forests. Using site counts and general estima- 
tion of coverage, Whittaker correlates site types with 
a series of topographic subtypes, an outline of which 
follows: 


Red Spruce Forests 
1. Valley subtype 
2. North slope and flat subtype 
3. East and west facing slope subtype 
4, South slope subtype 
5. Ridges and steep upper slope subtype 
Fir Forests 
1. North facing slope subtype 
2. Mesie and intermediate forests of highest 
elevation subtype 
3. South facing slope subtype 
4, Ridge subtype 


METHODS OF STUDY 

The specific areas selected for this study have 
been within accessible regions of the spruce-fir area 
in the Great Smoky Mountains National Park. These 
include samples from Mt. Le Conte, Mt. Sterling, 
Spruce Mountain and within an area extending from 
10 mi. northeast of Newfound Gap to the southern- 
most limit of spruce and fir in the Park, about 5 mi. 
west of Clingmans Dome. 

During the summers of 1951, 1953, 1955, and 1956, 
field data were collected in the following manner. A 
50-m rope marked off in 5-m intervals was laid out 
twice in a “T” pattern, with one line across the slope 
and the other at right angles to the first. Herbaceous 
species were recorded for each 5-m interval of a strip 
l-m wide and for each 1-m section of the first 5-m of 
the first strip. Coverage for herbaceous plants, in- 
cluding mosses, was recorded as percentage of line 
covered, using decimeter units following the sampling 
method employed in the Holly Shelter Wildlife Man- 
agement Area by Wells (1946). For shrubs, numbers 
and heights were tabulated for each 5-m interval of 
the meter-wide strip giving a total area of 100 sq m. 
In this strip, seedlings and small trees were simply 
recorded as present if less than 6 in. high, and those 
at least 6 in. high and up to 1 in. d.b.h. were tallied 
by numbers and heights. 

Canopy and understory trees 1 in. d.b.h. and over 
were recorded by species and measured diameters. In 
50 of the samples a strip 10-m wide along the two 
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50-m lines was employed while in 20 of the samples 
the strip was 5-m wide. In 9 samples only one strip 
50-m long by 10-m wide was used because of difficulty 
of terrain or in some cases because the particular 
spruce-fir community was not extensive enough to 
include a second sample at right angles to the first. 

Cain in his study of spruce-fir stands in the 
Smokies (1935) investigated the size of the quadrat 
sample necessary to adequately characterize or rep- 
resent these associations. He concluded that the mini- 
mum quadrat area which will give an adequate repre- 
sentation of the arborescent stratum was 200 sq m 
for the spruce forest and 50 sq m for the fir forest. 
All the sample areas studied in this investigation were 
several times these suggested minimum areas. 

Notes on slope, exposure, elevation and general 
description were recorded for each sample. Slope was 
divided into the following classes: 

A-level to slight, less than 10° 
B-moderate, 10°-20° 

C-moderately steep, 20°-30° 

D-steep, 30°-45° 

E-very steep to precipitous, over 45° 

A few heights were recorded by means of the 
Abney level, but because of the density of the canopy 
and irregularities of the terrain this was exceedingly 
difficult. Estimates of heights were employed in the 
latter cases. 

Scientific names of herbaceous plants and shrubs 
conform to those in Gray’s Manual of Botany (Fern- 
nald 1950) except in the few instances of plants which 
are not included, and for these Small’s Manual of the 
Southeastern Flora (1933) has been used. The Check 
List of Native and Naturalized Trees for the U. 8. 
(Including Alaska) by Little (1953) has been con- 
sulted for the scientific names of tree species. 


GENERAL DESCRIPTION 
VEGETATION 

At higher elevations within the Great Smoky 
Mountains National Park the spruce and fir forests 
extend from Mt. Sterling to a few miles west of 
Clingmans Dome. The fir is Fraser fir, Abies fraseri, 
and the spruce is red spruce, Picea rubens. Fraser 
fir is endemic to the Southern Appalachians in south- 
western Virginia, western North Carolina and eastern 
Tennessee. According to Little (1953) the fir in West 
Virginia is a variety of balsam fir, Abies balsamea 
var. phanerolepis Fern., which may be intermediate 
between A. fraseri and A. balsamea. The red spruce 
has a much wider range, occurring from Nova Scotia 
to Maine and southern Quebec, south along the higher 
Appalachians in New York, Pennsylvania, New Jersey 
and in western Virginia, western Maryland, West 
Virginia, western North Carolina and eastern Tennes- 
see. Except in the southern outliers balsam fir is co- 
dominant with the red spruce. Oosting & Billings 
(1951), in comparing the northern and southern 
spruce-fir forests of the Appalachians, concluded that 
these two forests are part of the boreal forest forma- 
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tion but with two distinct phases, the red spruce- 
Fraser fir and the red spruce-balsam fir. 

The spruce forests studied in the White Mountains 
by Oosting & Billings (1951) were at altitudes of 
2500 to 2750 ft. The red spruce in West Virginia 
(Core 1950) oceurs in areas above 3200 ft elevation 
while in the Smokies red spruce enters the canopy 
around 4500 ft. Most of these coniferous forests in 
the Smokies are mixtures of spruce and fir, but with 
inerease in altitude there is a corresponding increase 
in fir and nearly pure Fraser fir forests oceur at 
elevations above 6400 ft. At the higher altitudes the 
most frequent deciduous tree is mountain ash, Pyrus 
americana, while abundant yellow birch, Betula alle- 
ghaniensis, is found at the middle and lower elevations. 
Occasional beech, Fagus grandifolia, hemlock, Tsuga 
canadensis, yellow buckeye, Aesculus octandra, and 
sugar maple, Acer saccharwm, may be encountered at 
the lower spruce-fir elevations. 

The red spruce is a medium to large tree attain- 
ing heights of 120 ft or more and diameters between 
30 and 40 in. on favorable sites. The maximum 
observed diameter (King & Stupka 1950) is around 
53.5 in. and Korstian (1937) reports a diameter of 
57 in. and a height of 162 ft for spruce. The maxi- 
mum d.b.h. for spruce in the areas sampled in this 
study was 38 in., with 41 trees of d.b.h. greater than 
30 in. The Fraser fir is a somewhat smaller tree, 
rarely more than 80 ft tall and frequently less than 
50 ft in height in the higher elevation fir forests. 
In sample areas only 12 fir trees were over 20 in. 
d.b.h. with the largest 29 in., exceeding the maximum 
25.1 in. reported by King & Stupka (1950). 

The red spruce attains a greater age than does fir. 
Oosting & Billings (1951) reported a 21 in. d.b.h. 
spruce with 359 rings and a 15.3 in. d.b.h. fir with 
168 rings. The average maximum age for red spruce 
is probably around 200 to 250 yrs and for Fraser 
fir about 150 yrs (Oosting & Billings 1951). 

Bark on the spruce trees is a dark reddish brown 
flaking off in thin roundish or polygonal flakes. The 
reddish-brown cones, one and one-fourth to one and 
one-half inches long, are borne pendent on the upper 
branches. At maturity the seeds usually fall out, but 
many cones apparently fall to the ground before 
opening. Korstian (1937) reports that there may be 
5 to 7 yrs between full seed crops. 

The thin smoothish bark of Fraser fir, pinkish- 
gray to brown in color, contains many resin blisters. 
The bark of older trees may be somewhat roughened 
with thin papery seales or ridges. In contrast to the 
bark of red spruce, that of Fraser fir is usually en- 
crusted with an abundance of liverworts, mosses and 
lichens. These bryophytie communities have been 
described in detail by Sharp (1939) and Cain & Sharp 
(1938). The fir cones, 2-2.5 in. long, are purple in 
color with prominent yellow green bracts and are 
borne upright on the upper branches. The scales and 
scale bracts drop off carrying the seeds with them. 
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CLIMATE 


Detailed climatic records for an extended period 
of time at the higher altitudes in the Great Smoky 
Mountains National Park are not available. The 
results of a five-year study by the Tennessee Valley 
Authority, National Park Service and the United 
States Weather Bureau, were reported by Shanks in 
1954. The 5-year average for precipitation was con- 
siderably higher in the two stations at 5000 ft and 
6300 ft elevation, 89.0 and 90.9 in. respectively, than 
at the 1460 ft station near Park Headquarters where 
it was 57.8 in. There was also a difference of over 10° 
in mean annual temperatures between the highest alti- 
tude station and that at the lower elevations. Mean 
annual temperature was 45.8°F. at 6300 ft, 48.4°F. 
at 5000 ft and 56.5°F. at 1460 ft. The climate of these 
high altitude forests may be characterized as a cool- 
temperate (microthermal) rain forest climate (Shanks 
1954). 


SOILS 

The present high ridges of the Great Smoky Moun- 
tains have been formed from rocks belonging to the 
Ocoee series. Today most of the rocks of the upper 
slopes of Clingmans Dome and Mt. Le Conte are con- 
glomerate, graywacke or slate (King & Stupka 1950). 
Some of the highest peaks and sharp ridges (Rodgers 
1953) are formed from the Nantahala slate which is 
very resistant to chemical decomposition. The con- 
glomerate and graywacke are also resistant to weather- 
ing and form much of the rugged montainous country. 

There have been no detailed studies of the soils 
in the spruce-fir areas of the Smokies and the Soil 
Survey Report for Sevier County, Tennessee (Hub- 
bard et al. 1956) simply groups these soils under 
Rough-mountainous land—Ramsey soil association. 
Mention is made of the great variability in depth, 
color, texture and content of organic matter. Color 
and depth of horizons were included in the paper by 
Oosting & Billings (1951) for 7 of the areas studied in 
the Smokies. Coile (1938) deseribed podzol soils 
under spruce and fir stands in 3 areas elsewhere in 
the Southern Appalachian Mountains but only general 
descriptions of horizons are given. Cain (1931) 
lists pH for soil under spruce-fir (6500 ft, Mt. Le 
Conte) as 3.6 for surface soil and 3.8 for subsoil. 

From brief examinations of soils under different 
site types of spruce-fir forests there appears to be a 
wide variation in soil types as evidenced by color and 
depth of horizons. Since borings a few feet apart 
show appreciable differences, it is difficult to general- 
ize concerning the soil types. In most instances the 
transitions from one horizon to another are gradual. 
Soil from one very moist (Oxalis-Hylocomium) 
spruce-fir site type showed dull gray to dark colors 
throughout, while brown and yellow-browns were 
characteristic of the B horizon on better drained 
spruce and spruce-fir sites. Under some of the high 
elevation fir forests the soil was extremely shallow, 
6 to 8 in. of a black A horizon lying directly on the 
rock below. Soil under a Viburnum-Vacecinium- 
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TABLE 1. Outline of site types. 
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Dryopteris spruce-fir site type had a depth of 42 in. 
In a sample in this site type all horizons were ex- 
tremely acid, the pH of the A horizon 3.6 and that 
of the B horizon 4.1. A few hundred feet away the 
soil showed a definite pinkish gray leached Ag layer. 
This Ay layer had a pH of 3.3, the By layer a pHi of 
3.6 and the Bz layer a pH of 4.1. Depth of litter 
may vary from a fraction of an inch to several inches 
in pockets where there may be an accumulation of 
needles, cones and occasional deciduous leaves. 

These observations would suggest that further 
study of the mountain soils is desirable, particularly 
in reference to the relationship of soil variation to 
the site types described in this paper. 


OUTLINE OF SITE TYPES 


In the following discussion a total of 13 different 
site types and one subtype are described for five forest 
types in the Great Smoky Mountains National Park. 
The occurrence of these site types under the various 
forest types are summarized in Table 1. 


Fir Site Types 

Although nearly pure fir forests may occur at ele- 
vations over 6200 ft in the Great Smoky Mountains, 
there is usually an admixture of spruce or deciduous 
trees. The most characteristic deciduous tree is Pyrus 
americana. Scatered individuals of Betula allegha- 
niensis, Prunus pensylvanica and Acer spicatum are 
encountered. Because of frequent windfall the indi- 
vidual stands are usually not extensive and may be 
broken with open areas with criss-crossed fallen trees 
and young Abies fraseri and Prunus pensylvanica in 
various stages of growth. These open areas often 
have a high frequency of shrubs, particularly Vibur- 
num alnifolium and Rubus canadensis. 





Five site types based upon differences in the un- 
dergrowth patterns have been designated for these fir 
forests. 

1. Oxalis-Hylocomium. (O-H T) 

2. Oxalis-Dryopteris (O-D T) 

3. Viburnum-Vaccinium-Dryopteris (Vi-Va-D T) 

4. Senecio (Se T) 

5. Rhododendron (R T) 

In Table 2 actual coverages of herbaceous species 
and other data are given for sample areas in 4 of the 
5 fir site types. Percentage coverage of Oxalis, ferns 
and other herbaceous plants are tabulated separately. 
Actual numbers of stems are listed for the shrubs, 
Viburnum alnifolium and Vaccinium erythrocarpum. 
Unless otherwise stated the data given in the tables 
are based upon one or more 100 sq m strips for all 
herbaceous plants and shrubs and on one or more 
1000 sq m samples for canopy data. Elevation, slope 
and exposure values include many site samples for 
which detailed data were not recorded. 

The data on canopy and understory trees in Tables 
3 and 4 and similar tables that follow for each site 
type are based upon an individual 1000 sq m sample 
in each site type unless otherwise indicated. Density, 
frequency and basal area values were calculated from 
trees 5 in. d.b.h. or greater and such trees have been 
arbitrarily designated as canopy trees. Density 
figures refer to the relative number of individual trees 
over 5 in. d.b.h. Frequency values are derived from 
the percentage of 10 by 10 sq m plots in which each 
species of canopy trees occurs. The s:ze classes were 
designated as follows: (a) stems 1-> in. d.b.h.; (b) 
stems 5-10 in. d.b.h.; (¢) stems 10-15 in. d.b.h.; (d) 
stems over 15 in. d.b.h. Basal area is expressed as 
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TABLE 3. Fir site types-canopy and understory trees. 
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the percentage basal area contribution of each species 
to the total basal area of canopy trees. 


OXALIS-HYLOCOMIUM SITE TYPE 

This site type oceurs most characteristically on 
north facing steep slopes at high altitudes. The forest 
floor is wet with seeping water or mountain springs. 
The substratum is rocky, typically of loose slabs of 
slate which are covered with luxuriant mosses and 
give a hummocky appearance to the lower strata. 
Extensive areas of these mosses may consist of nearly 
100% Hylocomium splendens. Hypnum cristacas- 
trensis, Rhytidiadelphus triquetrus and Hylocomium 
umbratum also occur. Cajander (1929), Heimburger 
(1934, 1941) and others have used the term “feather 
mosses” to include those mosses which are similar in 
life form to the above species of Hylocomium and 
Hypnum. In this paper “feather mosses” will indi- 
cate such moss layers, dominated by Hylocomium 
splendens. In midsummer Monotropa uniflora is 
frequently encountered in these moss mats. In addi- 
tion to Oxalis montana the herbs of highest frequency 
are Clintonia borealis, Aster acuminatus and Impa- 
tiens pallida (Fig. 1). The latter three may be absent 
on the wettest sites. Fir reproduction may be either 
low or high, usually patchy and most evident near a 
fallen tree, standing snag or other opening in the 
There are many standing dead fir, particu- 


canopy. 


*The Rhododendron fir site type is not included in Tables 2, 3, and 4 since no specific data were collected for it. 
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TABLE 4. Percentage distribution of basal area by 
diameter classes in fir site types. 
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larly in the 1-3 in. classes (Fig. 2). Those that sur- 
vive in the understory are usually impoverished. The 
trees are easily uprooted in the shallow soil between 
the loose rocks. These are probably the stands de- 
seribed by Cain (1931) as stagnant pole stands, since 
there may be many stems rather closely spaced and 
frequently a great many of these in the same diameter 
class. Windthrow may be particularly disastrous in 
this type, resulting in extensive even-age stands. 
Much of the debris from fallen trees is wet, rotten 
and covered with filmy mosses and liverworts. The 
most frequent associates of Abies fraseri in the canopy 
are Pyrus americana and Prunus pensylvanica. 

The Hylocomium-Cornus type of Heimburger 
(1934) with balsam fir and black spruce as the domi- 
nant trees, is perhaps a more moist counterpart of 
the Oxalis-Hylocomium type of the southern forest. 
In both types the ground is wet, poorly drained and 
covered by a dense carpet of feather mosses, with the 
addition of sphagnum in the northern forests. The 
latter is present only in the area of springs or drip: 
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Fie. 1. Ground-cover pattern in Oxalis-Hylocomium 
fir site type showing Clintonia borealis, Oxalis montana 
and the moss, Hylocomium splendens Hedw. 


ping ledges in the southern type. Herbaceous species 
are poorly represented in the more moist phase of the 
southern type, but patches of Impatiens pallida and 
Circaea alpina occur and on the better drained sites 
there may be extensive coverage of Aster acuminatus 
and Clintonia borealis (Fig. 1). 

The Oxalis-Hylocomium fir site in the Smokies 
appears similar to the Oxalis-Hylocomium type of 
Heimburger’s Subalpine series (1934). Correspond-. 
ence in species is indicated by the following lists. 


Oxalis-Hylocomium 
Adirondacks 
(Subalpine, 3200-4400 ft) 

Hylocomium splendens 
Cornus canadensis 
Oxalis montana 
Clintonia borealis 
Dryopteris spinulosa v. americana 
Solidago macrophylla 
Trientalis americana 
Maianthemum canadense 
Chiogenes hispidula 


Oxalis-Hylocomium 
G.S.M.N.P. 
6300-6500 ft) 
Hylocomium splendens 
Oxalis montana 
Clintonia borealis 
Dryopteris spinulosa v. americana 
Athyrium filix-femina 
Solidago glomerata 
Aster acuminatus 


The dominant canopy tree in the north is balsam 
fir, in the south, Fraser fir. In the north white birch 
and red spruce, the latter lower on the slopes, ac- 
company the balsam fir. In the south red spruce, 
yellow birch and mountain ash are the common as- 
sociates. 

This type is evidently not included in Whittaker’s 
(1956) site types since his north-facing slopes include 
a higher coverage of shrubs and ferns than in the 
above type. 
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Fig. 2. Oxalis-Hylocomium fir site type on Mt. Le 
Conte. 


OXALIS-DRYOPTERIS SITE TYPE 

This site type may be observed in the very high 
elevation forests on Mt. Le Conte and Clingmans 
Dome. Slopes are usually slight or moderate with ex- 
posure in any direction. The rocks are of graywacke. 
The moss layer ranges from low in coverage to very 
high on more moist sites where the fern coverage is 
less. This latter type may approach the O-H type 
just described. In those instances where the fern 
coverage is nearly 100%, the moss and Oxalis layers 
are considerably reduced (Fig. 3). The most common 
herbaceous plants oceurring with the ferns are Aster 
acuminatus, Solidago glomerata, Clintonia borealis, 
Stachys clingmanii and Chelone lyoni. Trillium erec- 
tum, Angelica triquinata, Streptopus roseus, Impa- 
tiens pallida and patches of Houstonia serpyllifolia 
may be found (Fig. 4). Shrubs, few in number, may 
include Vaccinium erythrocarpum, Menziesia pilosa, 
Sambucus pubens and occasionally Viburnum alnifo- 
lium. Abies fraseri frequently attains 95% or more 
of the basal area. The firs are branchy, much moss 
and lichen covered, and frequently dripping with 
moisture from the enveloping clouds. The trees ap- 
pear stunted, measuring from 35-50 ft. The trees are 
somewhat distantly spaced and give a park-like or 
Pyrus 
americana and Picea rubens are occasionally present. 

The Oxalis-Dryopteris type corresponds to Heim- 


open woods appearance to these forests. 
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Fig. 3. Oxalis-Dryopteris fir site type on Clingmans 
Dome. 














344 Dorotoy L. CRANDALL 





















Fig. 4. Chelone lyoni and Athyrium filix-femina in 
O-D fir site type. 


burger’s Aspidium-Oxalis type with perhaps more of 
the herbaceous plants present in the northern type. 


Aspidum-Oxalis Type 
Adirondacks 
(3000-4300 ft) 


Dryopteris spinulosa v. americana 
Clintonia borealis 

Aster acuminatus 

Circaea alpina 

Streptopus amplezifolius 

Solidago macrophylla 

Viola incognita 

Aralia nudicaulis 

Maianthemum canadense 


Oxalis-Dryopteris 
G.S.M.N.P. 
(6300-6500 ft) 

Dryopteris spinulosa v. americana 
Athyrium filix-femina 
Clintonia borealis 
Aster acuminatus 
*Circaea alpina 
*Streptopus roseus 
Solidago glomerata 
*Viola pallens 
Chelone lyoni 
Senecio rugelia 
*Occasional 


In both types the forest is open with sparse 
reproduction of fir. The canopy trees listed for the 
northern forest include balsam fir, white birch, occa- 
sional large mountain ash and stunted yellow birch; 
for the southern type, Fraser fir and scattered red 
spruce, mountain ash and yellow birch. 

This site type also corresponds to Whittaker’s 
(1956) mesic and intermediate forests of highest ele- 
vations with the three lower strata (moss-Oxalis-fern) 
conspicuous. However, such a site type with high 
fern coverage is apparently not included in his 
Table 8 where estimated coverages are listed for sev- 
eral of his site types. 
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VIBURNUM-VACCINIUM-DRYOPTERIS SITE TYPES 

On northerly steep and precipitous slopes over 
a bouldery substratum of graywacke, the Viburnum- 
Vaccinium-Dryopteris site type may occur. Frequent- 
ly the upper portion of the slope may be of the O-H 
type and lower on the same slope the shrubby type 
may predominate. The coverage of moss varies from 
moderately low on the drier slopes to very high on the 
more moist slopes and on those of highest elevation, 
All 5 layers of the 5-storied undergrowth pattern may 
be represented. The herbaceous plants are similar to 
those of the O-D type, but Senecio rugelia is of greater 
coverage on some of the Vi-Va-D sites. The most 
common shrubs are Viburnum alnifolium and Vacci- 
nium erythrocarpum, but Menziesia pilosa and Sam- 
bucus pubens may also be present (Fig. 5). Included 
among the canopy trees are Abies fraseri, Picea ru- 
bens, Prunus pensylvanica, Pyrus americana and Betu- 
la alleghaniensis. Acer spicatum is a frequent under- 
story tree. This site type is similar to the Vi-Va-D 
type of the spruce-fir forests of lower elevations. The 
higher percentage of spruce and larger diameter of 
spruce in comparison to the other fir site types is indi- 
cated in Tables 3 and 4. 

This site type is similar to the north-facing sub- 
type briefly described by Whittaker (1956) for the 
Fraser fir forest. 
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Viburnum-Vaccinium-Dryopteris fir site type 
on slope of Mt. Le Conte. 


Fig. 5. 
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SENECIO SITE TYPE 


Excellent examples of this site type may be ob- 
served in the vicinity of Clingmans Dome on steep 
slopes, generally of southwest or northwest exposure. 
Oxalis montana and ferns are low in coverage, but 
Senecio rugelia may cover nearly 100% of the ground 
(Fig. 6). The bryophytiec layer is sparse and mosses 
and liverworts are of several species with little Hylo- 
comium splendens in the mixture. Frequently as the 
surface becomes more level, especially near the top 
of the ridges, there may be a perceptible increase in 
coverage of fern and Solidago glomerata. Other 
herbaceous species occasionally encountered are Clin- 
tonia borealis, Aster acuminatus, Impatiens pallida 
and Chelone lyoni. On large exposed rocks jutting 
out from the mountain side, patches of Solidago glo- 
merata and Senecio rugelia may cover the flattish sur- 
faces. Shrubs and tree seedlings are rare in this 
type. The canopy trees are chiefly Abies fraseri of 
relatively small diameter. Pyrus americana and Picea 
rubens also occur. 





Fig. 6. Senecio rugelia in Senecio fir site type on 
west slope of Clingmans Dome. 


RHODODENDRON SITE TYPE 

On rocky spurs and steep ridges adjacent to the 
heath balds the undergrowth beneath the fir canopy 
may be a continuous stratum of various heaths, 
Rhododendron catawbiense and R. carolinianum being 
the most conspicuous shrubs at these high altitudes. 
Adjacent to the heath balds and penetrating into them 
are scattered fir or spruce trees, these frequently 
much deformed and dwarfed. On the dry exposed 
ridges under this broken canopy and dense heath 
layer the ground cover may be nearly zero with only 
a few mosses and lichens present. On steep wet 
northerly slopes under a continuous heath cover of 
Rhododendron carolinianum the ground cover of moss- 
es may be much higher, approaching 100% coverage 
of Hylocomium splendens, Sphagnum sp. and Poly- 
trichum ohioense. In this latter type the fir trees are 
considerably taller, 50-60 ft and occasionally spruce 
trees of 20 in. d.b.h. may be present. The steep lower 
slopes below Myrtle Point on Mt. Le Conte are of this 
type. Along the exposed edges of the forest or in 
more open areas Menziesa pilosa and Diervilla sessi- 
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lifolia may be common. Leiophyllum lyoni may be 
conspicuous in the heath bald but scarcely enters 
under the fir canopy. Pyrus americana, Prunus pen- 
sylvanica and oceasionally Betula alleghaniensis are 
present in the canopy, both in the dry and the moist 
slopes. 

The ridge subtype mentioned by Whittaker (1956) 
is the dry heath type discussed above with moss cover- 
age of only a few percent. 

Because of the impenetrability of the tangled mass 
of heath in the understory of this type no specific 
areas were sampled but general descriptions were 
recorded for several sites. 


Spruce-Fir Site Types 

The mixed forests with basal area less than 60% 
fir and less than 80% spruce have been classed as 
spruce-fir forests. These forests show their best de- 
velopment between 5500 and 6200 ft elevation but 
occasionally are encountered at lower and higher 
altitudes. Site types are not as easily distinguished 
in these mixed forests as in either the spruce forests 
or the fir forests, since there is more diversity in all 
the strata. Some of the site types of the spruce 
forests and of the high altitude fir forests may be 
applied here. The following 5 site types, and one 
subtype, shared in part with both the spruce forests 
and the high altitude fir forests, have been designated 
for the mixed spruce-fir forest type. 

1. Oxalis-Hylocomium (O-H T) 
Hylocomium-Vaccinium (H-Va T) 
Viburnum-Vaccinium-Dryopteris (Vi-Va-D T) 
Viburnum-Vaccinium-Senecio (Vi-Va-Se T) 
Rhododendron (R T) 

Rhododendron (Viburnum) (R (Vi) T) 


Ne go be 


~ 


OXALIS-HYLOCOMIUM SITE TYPE 

The Oxalis-Hylocomium site type occurs on rela- 
tively moist level to steep slopes and is similar to 
the O-H type of the higher elevation fir forests 
(Tables 5, 6 and 7). Good examples of this type 
may be found in the vicinity of Rocky Spring Gap 
and on Sugarland Mountain. Bryophytie coverage 
is very high, frequently over 90%, with Hylocomium 
splendens and Bazzania trilobata the most abundant 
and characteristic species. Extensive patches of fir 
seedlings are common. Herbaceous plants other than 
Oxalis montana have low eoverage and frequency 
(Figs. 7 and 8). Clintonia borealis and the two ferns, 
Dryopteris spinulosa var. americana and Athyrium 
filix-femina, are the only species of significance. 
Shrubs are few in number, but there may be occasion- 
al specimens of Vaccinium erythrocarpum and Vi- 
burnum alnifolium. Many standing living and dead 
stems of spruce and fir are characteristic, particularly 
in the smaller diameter classes, and these stands may 
be likened to the stagnant pole stands of higher 
altitudes. Above the moss-covered debris, the trunks 
of the spruce and fir trees stand straight and tall. 
As is shown in Table 7 the average diameter for 
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TABLE 5. Spruce-fir site types. 
| 
| Ave. d.b.h. 
Basal Area|Ave. d.b.h.| Canopy 
Moss Oxalis Fern Herb [|Vaccinium| Viburnum! (sq. ft./ Spruce Trees Slope 
Site Type %) (%) (%) (%) (No.) (No.) Acre) (Over 5’) | (Over 5”) Elev. Class Exposure 
No lta — Gets. _| rs 
0-H T. 92-94 50-75 8-10 0 1-6 2 184-200 | 11.7-13.1]| 8.5- 9.7 | 5600-6000 | A, B, C N 
H-VaT... 69-79 27-42 & 9 0-15 44- 66 0-16 176-240 | 11 -13.2] 8.5- 9.8 | 6200-6400 | D, E N, NE,S 
Vi-Va-D T... 55-95 36-57 28-71 0-18 20-147 17-60 216-312 | 13.5-16.6 | 10.3-12.1 | 5500-5200 | A, B, C N, E,8,W 
Vi-Va-Se T.. 28-46 14-27 26-29 8-48 13-78 9- 49 228-316 | 15.9-20.3 | 12.2-14.6 | 5600-6300 | B, C, D W, NW,S 
eT... 36-92 27-44 0-13 | 0-8 4-9 1- 2 120-164 | 15.2-16.2 | 10.1-10.5 | 5500-5600 | C, D N, NE, E, SE, 
| W 
RV) T......... 48 36 25 | 18 | 5 58 224 | 16.2 13.9 | 5600 |C NW 
| 























TABLE 6. Spruce-fir site types-canopy and understory 


TABLE 7. Percentage distribution of basal area by 



























































trees. diameter classes in spruce-fir site types. 
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erous mat over the underlying rocks. 
rotten and moist, may be criss-crossed over these rocks 
and this too overlain with a deep moss layer. 
Charaeteristic herbs include Aster acuminatus, Clin- 
tonia borealis, Solidago glomerata and Senecio rugelia. 
On the more southerly slopes Senecio may be con- 
spicuous and here the mosses and liverworts are 
usually of many kinds, the principal species being 
Hylocomium splendens, Hypnum sp., Dicranum sco- 
parium, D. fuscescens, Polytrichum sp. and Bazzania 
trilobata. Frequently fir reproduction is high, solid 


is 





31.4] 6.4| 
| ee ee 


2.6} 6.5/24 8] 2.4 
| | 


patches of one- to two-foot seedlings occurring in 
openings created by the death or fall of canopy trees. 
The total coverage of herbs exclusive of Oxalis mon- 
tana and ferns is usually under 15%. Vaccinium ery- 
throcarpum is the most common shrub but Rhododen- 
dron catawbiense, Viburnum alnifolium and Ribes 
rotundifolium may be scattered over the area in an 
open, patchy shrub layer. The average diameter of 
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Fic. 7. Oxalis-Hylocomium spruce-fir site type on 
Sugarland Mountain. 





Fig. 8. Luxuriant ground cover of Oxzalis montana 
in O-H spruce-fir site type. 


the canopy trees is rather low and there may be con- 
siderable fallen and standing dead fir, particularly in 
the small diameter classes. 

This site type corresponds to the H-Va site type 
of the spruce forests of lower elevations but average 
diameter and percentage basal area of spruce is some- 
what greater in the latter. 

Heimburger’s (1934) Hylocomium type is charac- 
terized by an abundant ground cover of feather 
mosses with few herbs and with seattered dwarf 
shrubs. This forest type in the Adirondacks consists 
chiefly of black spruce and in the White Mountains of 
red spruce. This is perhaps closest to the Hyloco- 
mium-Vaccinium spruce-fir site type of the southern 
boreal forest. Clintonia borealis occurs on both sites 
and there may be oceasional other herbs in the south- 
ern forest. In the northern forest the dwarf shrubs 
include Chiogenes hispidula, Kalmia angustifolia, 
Ledum groenlandicum and Vaccinium spp. while in 
the south Vaccinium erythrocarpum is the most nu- 
merous shrub and occasionally Rhododendron cataw- 
bienese or Viburnum alnifolium may occur. 


VIBURNUM-VACCINIUM-DRYOPTERIS SITE TYPE 
This site type supports the best developed stands 
of the mixed spruce-fir forest type and is comparable 
to the Vi-Va-D spruce site type, although the moss 
and fern layers are somewhat lower in coverage and 
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the basal area higher in the spruce type. There is 
generally a good development of the 5 lower strata 
(moss-Oxalis-fern-low shrub-high shrub) (Fig. 9) 
with the more moist northerly exposures exhibiting a 
richer cover of feather mosses, Oxalis and ferns. 


Viburnum-Vaccinium-Dryopteris spruce-fir site 
on Mt. Le Conte. 


Frequently on such mesie¢ sites Vaccinium erythrocar- 
pum may form a nearly continuous lower shrub layer 
while the higher shrub stratum may consist of only 
seattered specimens of Viburnum alnifolium. All 
strata except that of Viburnum alnifolium may be 
somewhat reduced on the drier slopes. In addition to 
the two ferns, Dryopteris spinulosa v. americana and 
Athyrium filix-femina, characteristic herbs are Aster 
acuminatus, Clintonia borealis, Senecio rugelia, Tril- 
lium erectum and Streptopus roseus. Picea rubens, 
Abies fraseri and Betula alleghaniensis are the im- 
portant canopy trees. 

This site type is probably included in Whittaker’s 
(1956) red spruce forest subtype of north slopes and 
flats. The herbs listed in his paper are similar to 
those given above although the coverages he lists are 
somewhat lower for the moss and Oxalis strata. 


VIBURNUM-VACCINIUM-SENECIO SITE TYPE 

The Viburnum-Vaccinium-Senecio site type occurs 
on steeper and drier sites than the Vi-Va D site type. 
Exposures are generally west, northwest or southwest. 
Moss, Oxalis and fern coverages are lower in this site 
type and Senecio rugelia may be of moderately high 
coverage with usually some ground covered only by 
needles and dry litter. Lycopodium lucidulum is fre- 
quently encountered here along with occasional pateh- 
es of ferns. Both Vaccinium erythrocarpum and 
Viburnum alnifolium are conspicuous in the shrub 
strata. Diameters of both spruce and fir may be 
relatively large as indicated in Table 7 on distribution 
of basal area by diameter classes. Acer spicatum is 
a frequent understory tree and Betula alleghaniensis 


is a common canopy tree along with the spruce and fir. 

This type is similar to the subtype of Whittaker’s 
(1956) south-facing slopes with moss coverage of 60% 
or less and heath coverage of 40 to 60%. 
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TABLE 8. Spruce site types. 





















































Ave. d.b.h. 
¢ Zee q 3asal Area|Ave. d.b.h.| Canopy 
. Moss Oxalis Fern Herb [Vaccinium Viburnum | (sq. ft./ Spruce Trees Slope 

Site Type (%) (%) (%) (%) (No.) (No.) Acre) (Over 5”) | (Over 5”) Elev. Class Exposure 
B-VaT....... 75-81 29-39 0- 2 0-1 52- 54 0-2 | 168200 | 13.6-14.2| 8.6-11.2| 5800 Cc, D NE, SE, SW 
Vi-Va-D T.... 43-71 30-44 28-37 1-13 25- 84 16-72 269-368 | 14.9-26.7 | 12 2-13.2 | 5400-5900 | B,C, D, E} NE, E, SE 
Vi-Va-L T... 20-51 12-30 1-14 0-15 27- 58 2-39 252-336 | 14.1-18.2 | 12.8-13.3 | 5100-5800 | B, C, D 5, SE, SW, W 
| Ae ee 26-35 13-27 4-6 0- 2 20- 44 0-12 240-268 | 13.1-19.3 | 11.0-12.7 | 5100-5300 | C, D S, SW 
ly a 31-65 2-34 | 12-16 1- 2 6-106 5)-78 204-292 | 14.8-15.3 | 12.3-13.3 | 5100-6000 | D 8, NE 








RHODODENDRON SITE TYPE 

On moderately steep to steep slopes the under- 
growth may be a continuous layer of Rhododendron 
catawbiense and R. maximum. Under a dense cover 
of Rhododendron on drier convex slopes the coverage 
of the lower strata may be very low, but on the more 
moist northerly sites where the Rhododendron stratum 
is not continuous there may be a high coverage of 
feather moss and of Oxalis. Fern and low shrub 
strata are usually poorly represented on all sites. 
Occasionally Vaccinium simulatum, Rhododendron 
carolinianum, Viburnum cassinoides and Diervilla ses- 
silifolia may be present. Except for the higher basal 
area of fir in the canopy this type is similar to the 
R type of the spruce sites. 

Where there is a high percentage of Viburnum 
alnifolium in the shrub layer, this site is sufficiently 
different to be distinguished as a Rhododendron (Vi- 
burnum) subtype or as a Viburnum phase of the 
Rhododendron type. Characteristics are between those 
of the Vi-Va-D and the R type described above. In 
this R( Vi) type the fern and herb coverage may be 
somewhat higher than in the R type and Betula 
alleghaniensis is more important as a canopy tree. 

The drier phase of this R type is similar to Whit- 
taker’s (1956) heath type in which he lists the 
coverage of the lowest strata as nearly zero. 


Spruce Site Types 

Between the elevations of 5000 and 6000 ft in the 
Great Smoky Mountains some of the coniferous forests 
may be predominantly spruce with Picea rubens con- 
tributing more than 80% of the total basal area. 
Some of the spruce trees of largest diameter and 
greatest height are found in these types. Abies fra- 
seri, Betula alleghaniensis and Amelanchier laevis are 
common associates of Picea rubens. The following 
four site types have been designated for these spruce 
forests. 

1. Hylocomium-Vaccinium (H-Va T) 

2. Viburnum-Vaccinium-Dryopteris (Vi-Va-D T) 

3. Viburnum-Vaccinium-Lycopodium (Vi-Va-L T) 

4. Rhododendron (R T) 


HYLOCOMIUM-VACCINIUM SITE TYPE 
The Hylocomium-Vaccinium site type occurs chief- 
ly on steep southeast or northeast slopes. Oxalis mon- 
tana and mosses and liverworts are relatively high in 
coverage. The bryophytes are predominantly Hylo- 
comium splendens and Bazzania trilobata, Ferns are 





seattered, and the one shrub that occurs in appreciable 
numbers is Vaccinium erythrocarpum and even this 
may be absent on some sites. No high shrubs are 
present, giving a clear view over the low Vaccinium, 
The number of dead standing fir and spruce of the 
2-3-4 in. diameter classes is usually very high. As in- 
dicated in Tables 8, 9 and 10 the average diameter 
for spruce and for all canopy trees is relatively low. 
Diameters are the smallest for any of the spruce sites, 
the largest trees seldom exceeding 25 in. d.b.h. 


TABLE 9. Spruce site types-canopy and understory 
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H-Va T 
| 64.2 | 100 | abcd | 86.9 
oD i, eee re 29.8 | 100 | abc 8.7 
Betula alleghaniensis....... 4.5 30 be 3.9 
Amelanchier laevis......... 1.5 10 b 5 
Vi-Va-D T* 
so a ee 53.4 | 100 | abcd | 80.6 
ey re 33.3 80 | abcd | 13.3 
Betula alleghaniensis....... 13.3 60 | abc 6.1 
AOE EPICMUM. «0.65022 0s — — 1. = 
Pyrus americana........... — — ia _ 
Vi-Va-L T 
Picea rubens.............. 76.5 | 100 | abed | 94.3 
PRUE SIMNIUE os. os Sin oose's Sass 17.6 60 | abe 4.9 
Amelanchier laevis......... 3.9 20 | ab 6 
Acer pensylvanicum........ 2.0 10 | ab 2 
| a re 39.2 80 | abcd | 81.9 
oD re 56.9 | 100 | abcd | 16.2 
Betula alleghaniensis....... 3.9 20 be 1.9 
R (Vi) T 
Ewe TROON «oo sos ceva 52.1 | 100 | abcd | 71.5 
Betula alleghaniensis....... 37.5 90 bed | 27.1 
a 10.4 30 | ab 1.4 
Prunus pensylvanica....... — — a < 





*Based upon 500 square meter sample. 


This site type is apparently more moist than any 
of the site types listed for the spruce forests by Whit- 
taker (1956). 

VIBURNUM-VACCINIUM-DRYOPTERIS SITE TYPE 

The Viburnum-Vaccinium-Dryopteris site type 
may be encountered on moderate to steep slopes, gen- 
erally of northeast, east or southeast exposure. All 
strata of the 5 layers (moss-Oxalis-fern-low shrub- 
high shrub) are present although the lower strata 
may be somewhat lower in coverage than in the cor- 
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TaBLE 10. Percentage distribution of basal area by 
diameter classes in spruce site types. 





Diameter CLASSES IN INCHES D. B. H. 





| 10- | 15- | 20- | 25- | 30- | 35- 
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ROMO: 6 neon tens wscees ; 3] 2.€/32.6113.6]29.4 
INS. dniegavsasdesecees 9.0) 6.¢| 1.0 
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Amelanchier laevis......... ‘aan 5 
Total Percentages. | 9.3}/10.5)37.2/13.6/29.4 
Vi-Va-D T* | 
Picea rubens. vee cmed -3) 3.1/10.7/10.8)/22.¢)12.3)18.1 
Abies fraseri. sieitannva sds 1.€] 3.5) 5.4) 4.0 
Betula alleghaniensis vues -3] .6) 5.4 
Acer spicatum..... yanaeene 4 
Pyrus americana. . | 3 
Total Percentages......... 3.2] 7.2)21.5)14. 8]/22.¢|12.3}18.1 
Vi-Va-L T 
DE SUN: 6 i055 Kdscds esos 2.7) 4.$)11.4] 2.7/27.6/18.8)}25.2 
Gs 5 aSighewa sh xecns af oth men Boe 
Amelanchier laevis... .. 4] 6 
Acer pensylvanicum............ Al] 42 
Total Percentages... . 3.$] 8.6)13.2) 2.7|27.6]18. 8) 25.2 
RT 
EET a: Mae 15.5} 11.2)34. 7} 11.5 
Abies fraseri.. . . orcs € fe ey bk 
Betula alleghaniensis............ -3] 1.5 
Ilex montana . 1 
Total Percentages.......... 2.4) 8.3)/13.5) 2.415. 5/11. 2/34. 7) 11.5 
R (Vi) T 
Picea rubens............ eeeeees} 1.0) 1.9/16.6) 8.5/10.8/21.6] 9.2 
Betula alleghaniensis............. 2.6)13.6) 3.5 6.§ 
Abies fraseri....... ere ee 
Prunus pensylvanica............. ” 
Total Percentages.......... 3.6) 6.2/29.6)11.8/10.8/28.8) 9.2 






































*Based upon 500 square meter sample. 


responding site type in the spruce-fir forest. Much 
of the moss and liverwort cover is thin and filmy and 
only a little Hylocomium splendens is present. In 
addition to the two ferns, Dryopteris spinulosa v. 
americana and Athyrium filix-femina, the only herba- 
ceous species of significance is Senecio rugelia. The 
two characteristic shrubs are Vaccinium erythrocar- 
pum and Viburnum alnifolium. The frequeney of 
these shrubs and moss coverage is generally much 
higher on the steeper northeast slopes. As indicated 
in Tables 9 and 10 the spruce trees are of large diam- 
eter. Betula alleghaniensis is an important canopy 
tree along with the Abies fraseri and Picea rubens. 

Whittaker’s (1956) north slopes and flats are 
probably included in this type. 


VIBURNUM-VACCINIUM-LYCOPODIUM SITE TYPE 

The Viburnum-Vaccinium-Lycopodium site type is 
the most prevalent site type in the spruce forests of 
the Great Smoky Mountains National Park. On tie 
moderately steep to steep southeast to southwest 
slopes on Mount Mingus (Fig. 10), Fork Ridge and 
Spruce Mountain the spruce forests are of this type. 
Much of the ground is bare of plants and covered 
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Fig. 10. Viburnum-Vaccinium-Lycopodium spruce site 
with seattered Senecio rugelia and Oxalis montana and 
bare ground, on Mt. Mingus. 


with needles and fallen debris, the latter only par- 
tially encrusted with thin filmy mosses and liverworts. 
The most characteristic bryophytes are Hypnum sp., 
Dicranum fuscescens, D. scoparium and Bazzania 
trilobata. In slight pockets or depressions may be 
found Lycopodium lucidulum, Senecio rugelia, Dryop- 
teris spinulosa v. americana and Athyrium filix- 
femina along with some Hylocomium splendens and 
Oxalis montana. The total ground cover, however, is 
low, and there is a bare aspect to the forest floor. 
The high percentage of needle cover distinguishes this 
site type from the slightly more moist Viburnum-Vac- 
cinium-Senecio type under spruee-fir. Medeola vir- 
giniana is characteristically present but seldom of 
much coverage. Clintonia borealis and Aster acumi- 
natus may occur. Lycopodium lucidulum may be of 
high frequency and moderate coverage, and _ this 
species and Medeola virginiana are the best indicators 
of the site type. Even where these may be absent, as 
on Spruce Mountain, the lack of herbaceous ground 
cover would identify the site type. The low shrub 
present in nearly all areas is Vaccinium erythrocar- 
pum. Among the high shrubs usually eneountered are 
Vaccinium simulatum, Viburnum alnifolium and V. 
Ilex montana and Acer pensylvanicum 
are frequent in the understory. The spruce trees are 
of relatively large diameter and the total basal area 
for this type may be high. Among the more common 
additional canopy trees are Abies fraseri, Betula 
alleghaniensis and Amelanchier laevis. 

This site type is similar to Whittaker’s (1956) 
south facing slopes although the coverages he lists 
(less than 10% for all 5 strata) are considerably 
lower than those given above. 


cassinoides. 


RHODODENDRON SITE TYPE 

The Rhododendron site type of the spruce forests 

is similar to the R type of the spruce-fir forests that 
occur at somewhat higher elevations (Fig. 11). Slopes 
are frequently convex, moderately steep to steep and 
have south or southwest exposures. Where the Rho- 
dodendron cover is very dense, the coverage for all 
lower synusiae may approach zero. Except on the 
northerly slopes, mosses are low in coverage and 
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Spruce-hardwood site types. 





Moss | Oxalis | Fern Herb {Vaccinium} Rubus | Viburnum 








Site Type] (%) (%) | (%) | (%) | (No) | (No) (No.) 
viT....| 717 | 118 | 640 | 333 | 036 1-32 | 62-91 
As T. 2- 4 0 9-21 | 1524 | 0-1 35-77 0-10 
RT... 10 0 7 1 14 12 16 

















usually oceur only on branches and around the bases 
of the shrubs and trees. The more moist sites, where 
considerable Viburnum alnifolium oceurs with the 
Rhododendron are sufficiently different to be desig- 
nated as a Rhododendron (Viburnum) subtype. 





Fig. 11. Rhododendron spruce site type along Tril- 
lium Gap Trail on Mt. Le Conte. 


On the drier slopes under a dense thicket of 
various heaths the ground cover plants are extremely 
few and only where light penetrates, such as along 
a trail or other break in the tight shrub layer, is 
there any appreciable number or coverage of plants 
in the lower strata. Some lichens and a few filmy 
mosses occur on fallen branches and exposed roots, 
but all layers below the shrub layer are usually re- 
duced to less than 1 or 2%, the soil surface largely 
covered with bare litter. Among the few herbaceous 
species characteristic of this type are Lycopodium, 
clavatum, L. obscurum, Galax aphylla, Mitchella re- 
pens and Trillium undulatum. The shrub layer may 
































Ave. d.b.h. 
Rhodo- |Basal Area|Ave. d.b.h.| Canopy 
dendron | (sq. ft./ Spruce Trees Slope 
(No.) Acre) (>5”) (>5”) Elev. Class Exposure 
0-5 120-228 6.8-13.0 | 10.0-12.3 | 5100-5400 Cc, D N, NE,W 
0 180-248 13-16 10.7-11.2 | 4800-5000 B, C S, SW 
132 154 13.2 11.4 5000 D NW 
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include Rhododendron catawbiense, R. carolinianum, 
Vaccinium simulatum, Kalmia latifolia, Leucothoé 
editorum, Smilax rotundifolia and other species of 
the heath balds. Oceasional specimens of Pyrus 
melanocarpa, Viburnum cassinoides and Ilex montana 
Adjacent to the heath balds the spruce trees 
may be scattered, small in diameter and on the ex- 
posed ridges, somewhat dwarfed and deformed. 

On the more moist sites under a less dense Rhodo- 
dendron cover there may be a moderate cover of ferns 
and mosses. Senecio rugelia may also be present. 
Where there is a mixture of Rhododendron maximum, 
R. catawbiense and Viburnum alnifolium in the tall 
shrub layer this type may aproach the Viburnun- 
Vaccinium-Dryopteris site type. It is this type that 
has been designated as the Rhododendron (Viburnum) 
subtype. The spruce trees on this site type are fre- 
quently of large diameter and more than 100 ft in 
height. In addition to Picea, Betula alleghaniensis 
may be an important canopy tree. 

The dry site type described above corresponds to 
Whittaker’s (1956) site types on ridges and steep 
upper south slopes with extremely low ground cover- 


age. 


occur. 


Spruck-HArRpWoops SITE TYPES 

At elevations around 5000 ft various admixtures of 
hardwoods may occur along with spruce. These hard- 
woods frequently include Betula alleghaniensis, Fagus 
grandifolia, Amelanchier laevis, Acer saccharum, 
Aesculus octandra and occasionally Halesia carolina 
v. monticola, Prunus serotina and other species. Site 
types vary nearly as much in these mixed forests as 
in the coniferous forests (Tables 11, 12, 13). Moss 
coverage is almost always low, below 16% in all 
samples studied. Oxalis montana is also very low in 
coverage and may be absent on some sites. Fern 
and Senecio rugelia coverage may be high on moderate 
or steep west or southwest. slopes. Some of the 
herbaceous species of the spruce-fir forests are also 
present in the mixed forests. Species to which indi- 
cator value may be ascribed are such herbs as Rud- 
beckia laciniata, Smilax herbacea, Aster divaricatus, 
Prenanthes altissima, Polygonatum pubescens and 
others of the beech and birch gap sites. 

In the mixed coniferous and hardwood forests of 
low to middle elevations three site types have been 
distinguished. 

1. Viburnum (Vi T) 

2. Aster (As T) 

3. Rhododendron ( R T) 
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TABLE 12. Spruce-hardwoods site types-canopy and 
understory trees. 
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TABLE 13. Pereentage distribution of basal area by 
diameter classes in spruce-hardwoods site types. 

















| . | | § 
» |& | | < 
= ~ i oe 
Es fas is 4 as 
AS leo] wo | ad 
vi T* | 
Betula alleghaniensis . . . 21.8 60 ed | 51.0 
Picea rubens.......... 3U.4 6u | abed | 28.1 
Abies frasert....... ws 0a] OBed 60 | abed | 16.1 
Fagus grandifolia..... pool) eee 40 | abd]| 4.8 
a an | a —_ 
As T 
Picea rubens..... rrtcamesercs 44.0 90 | abed ; 62.4 
Halesia carolina v. monticola| 22.7 60 | abcd | 10.4 
Betula alleghaniensis.......} 12.1 40 | abed | 9.7 
Acer saccharum 3.0 20 cd | 7.3 
Fagus grandifolia. . 13.7 40 | abc 5.0 
Aesculus octandra. 1.5 10 d| 4.3 
Prunus pensylvanica. . . 1.5 iW) Bb | 8 
Amelanchier laevis. .... 1.5 10 | ab 3 
Prunus serotina....... <= — a - 
Tsuga canadensis.......... — | a 
Acer pensylvanicum........ — a ; — 
Abies frasert....... ee ie Te (eo Ve 
Tlex montana... 1.6.0.6... = — ia — 
Sy Ng 
Picea rubens.......... 36.8 80 | abed | 40.7 
Betula alleghaniensis. . . 15.8 40 bd/| 40.4 
Fagus grandifolia..... 15.8 60 | abe | 10.0 
Amelanchier laevis... . 15.8 60 | abe | 5.3 
Abies fraseri.......... an eS 20 b | 2.2 
Acer spicatum............. 10.5 20 | ab 1.4 
Pyrus americana. . — _ | a — 








*Based upon 500 square meter sample. 
VIBURNUM SITE TYPE 

The Viburnum site type is characterized by a high 
cover of shrubs. Viburnum alnifolium is high in 
number and scattered specimens of Viburnum cassi- 
noides, Rubus canadensis, Hydrangea arborescens, 
Vaccinium erythrocarpum, Vaccinium simulatum as 
well as Ribes rotundifolium and Sambucus pubens 
oceur. Total coverage of shrubs may be high. Moss 
coverage is very low and this is a mixture of kinds 
with Hylocomium splendens absent. There may be a 
variety of herbs present, these including Aster divari- 
catus, Streptopus roseus, Stellaria pubera, Solidago 
curtisii, Laportea canadensis, Senecio rugelia and 
others. Dryopteris spinulosa v. americana and Athy- 
rium filix-femina may cover 40% or more of the 
ground and on some sites Senecio may be of high 
coverage. Maianthemum canadense and Lycopodium 
lucidulum may also oceur. In addition to spruce and 
yellow birch, the canopy trees may include Fagus 
grandifolia, Amelanchier laevis and other hardwoods. 
At higher altitudes Fraser fir may occur along with 
red spruce. With increase of hardwoods many of the 
herbaceous species characteristic of the birch gaps 
may be present. 

The Viburnum-Oxalis type of the Adirondacks 
(Heimburger 1934) is very similar to the Viburnum 
type of the spruce hardwood forest of the Smokies. 
The species encountered in these two forests corre- 
spond rather closely, with perhaps the greatest dis- 
similarity in the dwarf shrub layer, which apparently 


























D1aMETER Cassés IN INCHES D. B. H. 
| cl i—] ad S a i=) 
elflalsigizi2]2 
~ dd ol = a =) oO 
Vi T* 
Betula alleghaniensis.......... 8.2] 6.1 31.6 
Picea rubent.........0.000. ..-.] 3.3) .5)11.0) 4.8] 9.1 
Rivas chad teks csavede 6.0] 6.9] 2.7] 4.8 
Fagus grandifolia......... 2] .7] 3.7 
ee 4 
Total Percentages........... 9.¢} 8.1/25.6]15.7] 9.1 31.6 
As T 
PONTING, 5c icinstadcisccdscaxe 1.2] 3.8]11.1] 9.5) 5.0/13.5]17.7 
Halesia carolina v. monticola...... -2} 4.8) 3.4) 1.6 
Betula alleghaniensis............ -O} 1.1] 4.8 3.5 
ACtr COCCRATUM. 0.00.00 cces cscs 1.2 5.8 
Fagus grandifolia................ 1.0] 1.7} 3.2 
Aesculus octandra...........++.+ 4.2 
Prunus pensylvanica............. 6 
Amelanchier laevis...... -l] 23 
Prunus serotina....... .f 
Tsuga canadensis....... od 
Abies fraseri........... 
Acer pensylvanicum..... aj 
Ilex montana......... 0 
Total Percentages. ee ee} 2.0]12.3]23. 7/11. 4/12. 7/19.3]17.7 
RT 
Picea rubens.......... yoecarae 2.0) 4.7) 2.7 10.7/20.£|27.3 
Betula alleghaniensis. .. . er of 10.7 
Fagus grandifolia.... ooh SeOk BGT 98 
Amelanchier laevis : 2] 2.4] 2.7 
Abies fraseri. . 2.1 
Acer spicatum..... Severe be 
Pyrus americana....... ; -0 
Total Percentages...........| 4.2]12.9]13.3 21.4/20.¢ |27.3 























*Based upon 500 square meter sample. 


is not extensive in the northern forest while in the 
southern type Vaccinium erythrocarpum and Rubus 
canadensis may be of moderate coverage. The cor- 
respondence is clearly shown in the following table. 


Viburnum Type 
G.S.M.N.P. 


Viburnum-Oxalis Type 
Adirondacks 
(Heimburger 1934) 
Dryopteris spinulosa v. Dryopteris spinulosa v. 

americana 
Athyrium filix-femina 
Lycopodium lucidulum 
Oxalis montana 


intermedia 


Lycopodium lucidulum 
Oxalis montana 

Clintonia borealis Clintonia borealis 
Medeola virginiana Medeola virginiana 
Streptopus roseus 


Maianthemum canadense *Maianthemum canadense 


Streptopus roseus 
Aralia nudicaulis Aster acuminatus 
Senecio rugelia 
Smilax herbacea 


* Rare 


Shrubs and Small Trees 

Viburnum alnifolium 
Acer pensylvanicum 

Acer spicatum 

Vaccinium erythrocarpum 


Viburnum alnifolium 
Acer pensylvanicum 
Acer spicatum 
Lonicera canadensis 
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Rubus canadensis 
Ilex montana 


Taxus canadensis 


Trees 
Picea rubens 
Fagus grandifolia 
Betula alleghaniensis 
Acer saccharum 
Pyrus americana 
Abies fraseri 
Amelanchier laevis 


Picea rubens 

Fagus grandifolia 
Betula alleghaniensis 
Acer saccharum 
Acer rubrum 

Abies balsamea 


Lonicera canadensis occurs rarely in the spruce-fir 
sites in the Smokies but was not recorded for the Vi 
type in the spruce-hardwoods. Patches of Maianthe- 
mum canadense are found occasionally along the 
trails in the spruce-hardwoods forest but the species 
is not important in the ground flora either in fre- 
quency or coverage. Since this latter species was not 
encountered in any of the stations studied by Oosting 
& Billings (1951) in the Smokies, it was omitted from 
their list of southern herbaceous plants in the spruce- 
fir area. Although it is not of high coverage or 
frequency it may be found in several spruce-fir areas 
on Mt. Sterling, Mt. Kephart, Mt. Mingus and else- 
where. 

The climate of the nearest weather station in the 
Adirondacks to Heimburger’s Vi-O type falls into a 
microthermal humid province. The climate of the 5000 
ft station in the Smokies according to Shanks (1954) 
based upon the 1948 Thornthwaite system is meso- 
thermal perhumid. Thus apparently the northern 
station was somewhat cooler and less humid than the 
southern one. 

ASTER SITE TYPE 

The Aster site type differs from the former type 
in its great variety of broad-leafed herbs. Among 
those consistently present are Aster divaricatus, La- 
portea canadensis, Smilax herbacea, Polygonatum 
pubescens, Prenanthes altissima, Stellaria pubera var. 
silvatica and Solidago curtisii. Ferns may be well 
represented and frequently include Dryopteris novebo- 
racensis as well as the more common Dryopteris spin- 
ulosa v. americana and Athyrium filix-femina. Sev.- 
eral species of Carex may also occur with appreciable 
coverage, these including Carex artitecta, C. Brunnes- 
cens, C. debilis v. rudgei and C. intumescens v. 
fernaldii. High coverages of these sedges is often 
correlated with the presence of beech in the canopy, 
in which case there may be many small beech saplings 
in the understory. Moss coverage is extremely low 
and Oxalis is either infrequent or absent. Fagus 
grandifolia, Amelanchier laevis, Prunus serotina, Acer 
saccharum, Aesculus octandra, Halesia carolina v. 
monticola, Prunus pensylvanica and other hardwood 
trees may be present in addition to Picea rubens in 
the canopy. 

RHODODENDRON SITE TYPE 


The Rhododendron type is similar in many ways to 
the Rhododendron type of the spruce forests and may 
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be continuous with it. All synusiae below the shrub 
layers are much reduced and a high percentage of 
the ground is covered with leaves of Rhododendron 
and other plants. Moss coverage is exceedingly sparse 
and chiefly present on Rhododendron stems and 
branches sprawling on the ground. Ferns may reach 
a coverage of 10% but most strata except shrubs have 
an extremely low coverage. In the shrub layer Vi- 
burnum alnifolium, Vaccinium, erythrocarpum and 
Rubus canadensis occur along with Rhododendron 
maximum. Among the hardwoods most frequently 
encountered in the canopy are Betula alleghaniensis, 
Fagus grandifolia and Amelanchier laevis. 


BrEEcH-Bircu Gap SITE TYPES 


In the Great Smoky Mountains the spruce-fir 
forests may be interrupted by nearly pure stands of 
beech, birch or mixtures of beech, birch, buckeye and 
other hardwoods. The beech stands are more evident 
on the drier southerly slopes of the mountain ridges 
or on level areas while the birch is most conspicuous 
on the more moist northerly slopes and dips, and par- 
ticularly on steep concave slopes. Frequently the 
convex slopes on either side of the concavity may sup- 
port a good spruce or spruce-fir stand while in the dip 
or hollow the canopy trees may be nearly 100 per cent 


bireh. Russell (1953) in a study of fourteen beech 
gaps of the Great Smoky Mountains gives presence 


lists for species encountered but no attempt is made 
to distinguish site types or variations between differ- 
ent gaps. Birch gaps were not included in his paper. 


BEECH GAPS 

A high incidence of beech in the canopy is fre- 
quently accompanied by a high coverage of sedges, 
principally Carex artitecta, or a high fern cover. 

Moss coverage is always low. In addition to 
sedges and ferns the characteristic herbaceous plants 
include Aster divaricatus, Stellaria pubera, Solidago 
curtisii and Prenanthes altissima, along with high 
frequency of such herbs as Rudbeckia laciniata, La- 
portea canadensis, Veratrum viride, Streptopus roseus, 
Cimicifuga racemosa, Allium tricoccum, Thalictrum 
dioicum, Eupatorium rugosum v. roanense, E. pur- 
pureum, Angelica triquinata, Polygonatum pubescens 
and Smilax herbacea. On the more level slopes the 
coverage of sedges may approach 100% but the 
steeper slopes are characterized by a much greater 
variety of herbaceous plants and there may be a high 
coverage of ferns. In addition to beech, buckeye, 
yellow birch and mountain ash, scattered specimens 
of red spruce and Fraser fir may be present. 

In Table 14 the Carex and Athyrium site types 
are predominantly beech gap types. The canopy 
trees in the Carex type were buckeye and beech and 
more than 40% of the ground was covered by Carex 
artitecta. The understory contained many beech sap- 
lings in the 1-4 in. size classes. In the Athyrium 
site type, there was a very high fern coverage (74%) 
and luxuriant patches of Aster divaricatus, Cimici- 
fuga racemosa, Solidago curtisii, Eupatorium rugo- 
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TABLE 14. Beech-birch gap site types. 
Ave. d.b.h. 
Basal Area} Canopy 
Moss | Oxalis | Fern | Herb | Rubus| Viburnum| (sq ft/ Trees Slope 
Site Type | (%) (Y) (%) (%) | (No.) (No.) Acre) (Over 5’’) Elev. Class Exposure 

o) je 0-1 0 0 53 0 0 92 9.8 5500 A s 
ae 2 0 74 39 5 4 122 8.8 5000 C N 
ae 32 6 21 46 17 14 104 7.5 5200 Cc N 























sum Vv. roanense and other herbaceous plants. Twenty- 
one species of herbaceous plants were listed. Except 
for the higher fern coverage, the herbaceous ground 
flora of this type is very similar to that of the Aster 
site type of the spruce-hardwoods. 


BIRCH GAPS 


The number of shrubs and herbaceous plants 
varies from one birch gap to another, some gaps con- 
taining a great number and variety of shrubs and 
small trees, others being nearly devoid of shrubs and 
having a high coverage of herbaceous plants. On 
slopes where the understory of the spruce stand is a 
closed heath type, the heath layer may also be present 
under the canopy of yellow birch and mountain ash 
in the adjoining dip. On precipitous northwest 
slopes near Laurel Top such an understory of heath 
consisted of nearly 100% Rhododendron carolinianum. 
With increase in beech among the canopy trees, there 
is generally an increase in species characteristic of 
the beech gaps, including Solidago curtisii, Stellaria 
pubera, and Carex spp. 

One of the more common birch gap site types on 
steep north to northwest rocky slopes is one with 
moderate to high coverage of “weedy” herbaceous 
plants. Among the shrubs encountered most fre- 
quently are Viburnum alnifolium, V. cassinoides, 
Vaccinium erythrocarpum, V. simulatum, Rubus cana- 
densis and Hydrangea arborescens. Ribes rotundi- 
folium, Sambucus pubens and Cornus alternifolia may 
also be present. Ribes rotundifolium and Hydrangea 
arborescens are perhaps more characteristic of these 
slopes than other shrubs (Fig. 12). Acer spicatum 
and Acer pensylvanicum are frequent understory or 
canopy trees. In addition to Dryopteris spinulosa 
Vv. americana and Athyrium filix-femina there may 
be a high coverage of Aster divaricatus, Solidago 
glomerata, Rudbeckia laciniata, Streptopus roseus, 
Senecio rugelia, Laportea canadensis, ete. Many of 
these slopes have a small stream or spring running 
down the center of the concave slope and here dense 
patches of Circaea alpina and Impatiens pallida are 
frequent. 

The Solidago site type listed in Tables 14, 15 and 
16 is an example of such a “weedy” bireh site type. 
Seven species of shrubs were recorded but coverage 
was not high. Solidago glomerata had a coverage 
of 32% and ferns a coverage of 21%. In addition 
to Betula alleghaniensis, the canopy trees included 
Prunus pensylvanica, P. serotina, Amelanchier laevis, 
Pyrus americana, Abies fraseri and Picea rubens. 








Fig. 12. Birch gap site with complete understory 
of Hydrangea arborescens. 


TABLE 15. Beech-birch gap site types-canopy and 


understory trees. 
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*Based upon 500 square meter sample. 


SPECIES AND ALTITUDE 

When the forests are grouped on the basis of alti- 
tude and canopy type the striking differences, evi- 
dent in Tables 17 and 18, are noted in the lower strata. 
With decreasing elevation a gradual decrease in 
ground cover, particularly of the moss, Oxalis and 
fern layers is apparent. The number of herbaceous 
species is greatest at the lowest elevation, 26, com- 
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TABLE 16. Percentage distribution of basal area by 
diameter classes in beech-birch gap site types. 
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TABLE 18. Percentage coverage of herbaceous species 
by altitude and forest type. 
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*Based upon a 500 square meter sample. 


TABLE 17. Number of herbaceous species by altitude 
and forest type. 








Elevation in Feet.......... 5000-5400 | 5500-6000 | 5500-6000 | 6000-6600 
Canopy Type. . ...| Spruce Spruce Spruce-Fir Fir 
No. of Samples............ 7 10 10 9 
Total Number of Species. . . 26 20 27 16 
Total Number of Species 

Over 1% Coverage... . . q 5 4 7 
Total Number of Species 

Over 5% Coverage..... 2 2 4 5 

















pared to 16 in high elevation fir forests and 14 in 
forests over 6400 ft. Five species attain a coverage 
over 5% at high altitudes, only two at the lower 
altitudes. In other words, more species are involved 
at the lower elevations but these are generally of less 
coverage. 

Probably no species of herbaceous plant is found 
exclusively in any one forest type but many species, 
as indicated by frequency and coverage data, are 
more characteristic of one type than another. Thus 
such species as Aster acuminatus, Chelone lyoni and 
Clintonia borealis have highest coverage and greatest 
frequency in the high altitude fir forests but all 
three species occur in mixed spruce-fir forests at 
mid-altitude and the Aster and Clintonia may even 
be present in lower altitude spruce forests. Medeola 
virginiana and Lycopodium lucidulum are most char- 
acteristic of the lower altitude spruce forests but 
these species are occasionally found in the forests 
at higher elevations. 





only a few spruce seedlings can be observed among 
the fir seedlings. Zon (1914) states that balsam 
(northern) fir requires more light than spruce but 
may grow suppressed for many years in dense shade. 
If an opening is created, the fir may resume growth 
but is apt to be rotten in the center. This would 
seem also to apply to Fraser fir in the South. 
Murphy (1917b) in comparing seeding habits of 
northern balsam fir and red spruce reported that the 
fir is almost entirely spring germinated and has a de- 
cidedly more rapid growth and thus becomes estab- 
lished more quickly, whereas red spruce probably 
germinates in the fall and significant losses may occur 
during the winter months before the seedlings can be- 
come firmly established. Baldwin (1934) from field 
tests on germination of red spruce seeds concluded 
that the natural reproduction of red spruce is de- 
pendent not so much on requirements for germination 
as on factors which determine the survival of seed- 
lings after germination takes place. Spruce seeds 
germinate well on mineral soil, moss, decaying logs 
or moist litter but the young seedlings must be pro- 
tected from drying out. Many small seedlings of 
spruce and fir 2 to 3 in. high may be observed on 
mineral soil along trails and in open areas but few 
seedlings in larger size classes can be noted. Ap- 
parently conditions are suitable for germination but 
are not favorable for continued growth. On mineral 
soil and hardwood leaf litter (Murphy 1917a, 1917b) 
many of the young seedlings perish by desiccation. 


WINDTHROW AND BREAKAGE 


From uprooted spruce trees, it has been observed 
that the roots do not penetrate into the soil more 
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than 18 to 24 in. with the larger roots spreading 
only 10 to 15 ft. from the base of the trunk (Fig. 
13). A taproot is not evident. Moore (1917) in a 
study of red spruce stated that fir roots are always 
much less branched and go more deeply into the 
mineral soil than those of spruce. In the openings 
created by windthrow or other catastrophes, young 
spruce and fir which may have been suppressed for 
years grow rapidly resulting in the uneven-aged stands 
characteristic of the spruce-fir area at elevations be- 
low 6200 ft. 
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Fig. 13. Uprooted spruce tree on Mt. Collins. 


In mixed stands fir frequently breaks off rather 
than uprooting, the broken trunks generally showing 
evidence of heart rot or other disease. Following a 
severe windstorm on June 28, 1957, many tops of 
fir trees, 3 to 4 ft. long and heavily loaded with 
nearly mature cones were observed along the trails in 
the spruce-fir stands at moderate elevations. 

On steep slopes at high elevations fir is subject 
to windthrow and may be blown down in great num- 
bers, resulting in an entire slope being covered with 
criss-crossed stems. This is very evident on the 
upper slopes of Mt. Le Conte where large expanses 
are sometimes leveled by violent storms that sweep 
across the mountain. 


Errect OF DistURBANCE Upon LOWER STRATA 

Disturbance in the Clingmans Dome area has pro- 
duced striking changes in the canopy and lower strata 
of the fir forest. Much of the former canopy, chiefly 
Abies fraseri has died and is now replaced by open 
patches of Rubus canadensis and sedges or by re- 
leased reproduction of fir. Three samples were taken 
in this area and the differences in the lower strata 
are presented in Table 19. One of the samples was 
in the open area with no canopy of living trees. 
Here sedges, ferns (particularly Athyrium _filix- 
femina) and Rubus canadensis were extremely high 
in coverage. Underneath these layers were criss- 
crossed remnants of fallen fir trees, bare of mosses or 
lichens. Walking was almost impossible over these 
fallen trees. Mosses and Oxalis montana were low in 
frequency with coverage less than 1%. Firs in the 
1-2 in. diameter classes were frequent. 
The second sample, on the edge of the open area, 
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TABLE 19. Comparison of disturbed and undisturbed 
areas on Clingmans Dome. 

















Open | Wincfall | Undisturbed 
Area Area Area 
pe ee 4 34.4 38.1 
Oxalis (% Coverage).......ccccsseccccsecs 0 33.1 49.9 
te LS.) er 60.0 80.0 94.1 
Herbs (% Coverage)........20...+0- ee a 10.1 7.9 
Vaccinium (stems/100 sq m)............... 0 32 34 
Viburnum (stems/100 sq m).............. 8 1 25 
Rubus (stems/100 sq m).............-.-.- 474 3 0 
Abies fraseri (stems 1-10 ft High/100 sq m).. 2 68 12 
Abies fraseri (stems Over 1” d.b.h./1000 sq m) 96 103 90 
Abies fraseri 
(dead stems 1-4” d.b.h./1000 sq m).... 40 41 28 
Abies fraseri 
(dead stems Over 5” d.b.h./1000 sq m).. 60 33 14 
Basal Area of Canopy Trees Over 5” d.b.h. 
ERR ois siaiees so <d0.c5 seebos 0 90.4 167.2 





with canopy trees still standing but many of the 
larger firs with living branches only at the tops gave 
evidence that this area was also being adversely 
affected. Moss and Oxalis were moderate in coverage 
and the fern, Dryopteris spinulosa v. americana was 
somewhat higher in coverage than in the open area. 
Coverage of Carex spp. was less than1%. Vaccinium 
erythrocarpum and Viburnum alnifolium were pres- 
ent and an occasional specimen of Rubus canadensis 
was encountered. Fir reproduction, particularly in 
the 3-10 ft high class, was frequent. 

The third area is one designated as Oxalis-Dryop- 
teris site type in the fir forest and is presumably 
similar to the former site type that occurred prior to 
disturbance on the two areas just described. Fern 
coverage, including both Dryopteris spinulosa v. 
americana and Athyrium filix-femina, is very high, 
94%, but the herb layer is less continuous. Mosses 
and Oxalis are somewhat higher in coverage. Vi- 
burnum and Vaccinium are more frequent but Rubus, 
the dominant shrub in the open area, is absent. This 
site tvpe has been more fully described under the 
O-D type of the fir forests. 

The soil in all three areas is black in color and 
relatively shallow, generally less than a foot in depth. 
In the two disturbed areas pools of dark-colored 
stagnant water are common, particularly in the de- 
pressions at the bases of uprooted trees. 

There may be several causes for the disturbance in 
this area. The cutting of the highway and the con- 
struction of the Forney Ridge parking area in addi- 
tion to the opening in the vicinity of the former 
tower on Clingmans Dome may have been among the 
contributing causes. It would appear that once an 
opening is created in a fir stand at these high alti- 
tudes the tendency is for gradual die-back of the fir 
trees contiguous to the damaged area. Evidence of 
this tendency can be seen on the other slopes of Cling- 
mans Dome and particularly on Mt. Le Conte which 
will be discussed in the next section. 


Cyciic NATURE OF Fir STANDS 


The fir forests on Mt. Le Conte are frequently 
interrupted by areas of windthrow (Fig. 14). The 
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Oxalis-Hylocomium site type with its shallowly rooted 
trees on the rocky substratum is very susceptible to 
this type of damage. Reproduction, chiefly fir, may 
be very heavy in openings, thus producing a dense 
stand of even-aged trees. In a similar manner where 
there is a single windthrow, this opens the canopy 
and with the entrance of light, fir seedlings that are 
produced may survive in great numbers resulting in 
even-aged groups within a single forest stand. 





Fig. 14. Windthrow on Mt. Le Conte. 


If fir seedlings are already present they may 
grow rapidly after release and keep ahead of Prunus 
pensylvanica and Pyrus americana which are the 
common deciduous trees at this altitude. In the 
nearly level area on Mt. Le Conte northeast of Cliff 
Top much of the area of former windthrow is now 
a mixed Prunus-Pyrus-Abies stand, on a former 
Oxalis-Dryopteris site where few fir seedlings were 
established at the time of the windthrow and fire 
cherry and mountain ash have been able to gain a 
foothold and to keep pace with the developing fir 
seedlings. 

On the rocky slopes in the Oxalis-Hylocomium site 
type following overthrow of the canopy trees, fir 
seedlings already present may grow rapidly and under 
these one to 5 ft seedlings the ground cover may re- 
main as a high cover of mosses with varying amounts 
of Oxalis montana, Aster acuminatus and Clintonia 
borealis. As the firs increase in height and in spread 
of lateral branches, the moss and herbaceous cover 
decreases and under a dense stand of fir 2-4 in. d.b.h. 
the ground may be nearly devoid of mosses and other 
plants and may present a bare aspect of needles and 
twigs (Fig. 15). Many of the stems are dead, some 
fallen and some standing. As the growth of the 
canopy trees continues and there is gradual thinning 
by death of many of the trees, the moss and Oxalis 
coverage slowly increases and there eventually is 
produced a fir stand characteristic of the site. On 
the rocky slopes the resulting forest may be a stagnant 
pole stand with trees of relatively uniform diameter 
and with the lower strata consisting chiefly of feather 
mosses and Oxalis montana. 

The shrubs Viburnum alnifolium, Vaccinium spp., 
Menziesia pilosa and Rubus canadensis may be very 
high in some of these openings, especially if fir re- 
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Fig. 15. 
stand on Mt. Le Conte. Ground cover of needles and 
twigs. 


production is absent. Here also sedges, Carex spp. 
and Angelica triquinata may be prominent. 


Succession FoLuow1nG Fire 

Following fire at higher altitudes, Prunus pensyl- 
vanica, Pyrus americana and Betula alleghaniensis 
are the most common invading trees. In a list of 
flora of burn forests of these areas Russeli (1953) 
lists Prunus serotina as the cherry tree entering after 
fire but at altitudes over 5000 ft the species of cherry 
is Prunus pensylvanica. The shrubs Viburnum alni- 
folium and Rubus canadensis may form dense patches. 
Grasses, sedges and many weedy herbs are common 
(Fig. 16). Some of the characteristic herbs and 
shrubs are given in the following lists. 


Ferns 
Athyrium filix-femina 
Dennstaedtia punctilobula 


Herbs 


Angelica triquinata 
Carex brunnescens 
Carex debilis 

Carex intumescens 
Chelone lyoni 
Habenaria psychodes 
Hypericum graveolens 
Lilium superbum 
Monarda didyma 
Rudbeckia laciniata 
Rumex acetosella 
Senecio rugelia 


Shrubs 

Cornus alternifolia 
Diervilla sessilifolia 
Rhododendron catawbiense 
Ribes rotundifolium 
Rubus canadensis 
Sambucus pubens 
Vaccinium simulatum 


Solidago glomerata 
Veratrum viride 

More than 30 yrs ago a fire destroyed much of 
the spruce-fir forest on the steep mountain slopes 
northeast of Charlies Bunion in the Great Smoky 
Mountains National Park. In this open area the 
most common trees now are yellow birch, Betula 
alleghaniensis, 10 ft in height and fire cherry, Prunus 
pensylvanica, about 5 ft high. The most prevalent 
shrubs are Vaccinium simulatum, Diervilla sessili- 
folia and Rubus canadensis. Occasionally Cornus 
alternifolia occurs. Much of the ground cover is 
Dennstaedtia punctilobula, Angelica triquinata an3 
various sedges, with some Senecio rugelia and Soli- 
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Fire scars on slopes of Forney Ridge. 


Fig. 16. 


dago glomerata. Lycopodium clavatum, L. obscurum 
and Rhododendron catawbiense are encountered along 
the ridge. The spruce and fir trees have been slow 
in becoming established and only a few scattered 
specimens, 5 to 10 ft in height, occur in the most ex- 
posed areas but a few somewhat taller are now grow- 
ing just below the ridge. Those in the exposed area 
show wind damage on the east side with longest and 
best developed branches toward the west. In many 
of the conifers side branches have replaced dead 
leaders. Apparently it will be many more years 
before a spruce-fir forest will again dominate these 
slopes. 


Succession on Rocks 

On the precipitous rocky slopes below Myrtle 
Point and Cliff Top on Mt. Le Conte various succes- 
sional stages are evident. The rock surface may sup- 
port colonies of mosses and liverworts. Seattered 
specimens of. Parnassia asarifolia and patches of 
Saxifraga michauxii or elumps of sedges may be 
rooted in masses of Sphagnum or in small pockets 
of soil. Leiophyllum lyoni forms mats on these sheer 
cliffs soon after the mosses and liverworts. Following 
the establishment of Leiophyllum or simultaneous 
with it, Menziesia pilosa, Rhododendron carolinianum 
or R. catawbiense may gain a foothold. With the 
development of sufficient soil and other suitable con- 
ditions, Picea rubens, Abies fraseri or Pyrus ameri- 
cana may germinate and grow in the center of this 
group of shrubs. On these wet, dripping cliffs, this 
more or less concentric pattern of vegetation is fre- 
quently repeated. The spruce and fir trees may be 
short, under 15 ft in height, but even these are hoary 
with lichens and present an aged aspect. Higher on 
the ridge and on either side of these precipitous slopes 
there may be better development and greater numbers 
of the conifers with nearly complete understory of 
Rhododendron carolinianum and R. catawbiense. Be- 
cause of the instability of the substratum on these 
steep slippery slopes the spruce and fir trees seldom 
attain any appreciable size, since cloudbursts and tor- 
rential rains frequently cause the masses of vegeta- 
tion to slin off the sheer mountain sides 
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DISCUSSION 

Although the number of tree species involved in 
the southern boreal forest is low and the canopy 
layer is floristically simple, much greater variation 
is found in the lower strata and these differences in 
undergrowth patterns are the basis for the site types 
that have been designated. In many instances the 
boundary line between two adjacent site types is sharp 
but in others there is a recognizable ecotonal or tran- 
sitorial area between the two. 

Many of the same species of herbaceous plants are 

found throughout the altitudinal range of the southern 
boreal forest, but certain species are more character- 
istic of specific forest types. Thus Chelone lyoni 
occurs chiefly in the high altitude fir forest and oe- 
casionally in the spruce-fir forest. Senecio rugelia, 
an endemic of the Smoky Mountains, is of low fre- 
quency but high coverage where present in the fir 
forest, but is of higher frequency with lower coverage 
at low altitudes. Medeola virginiana and Lycopodium 
lucidulum have highest frequency and highest cover- 
age in spruce forests. Fewer species are encountered 
at high altitudes but these have high eoverage. Cov- 
erages of Oxalis montana and mosses;‘. particularly 
Hylocomium  splendens are lowest in ¢the spruce 
forests. 
The Oxalis-Hylocomium site type, characterized 
by high coverage of feather mosses and Oxalis mon- 
tana, occurs on steep northerly slopes at very high 
elevations or on somewhat more moderate slopes or 
nearly level areas at mid-elevations. Above 6300 ft 
the dominant tree is Abies fraseri while at moderate 
altitudes Picea rubens becomes the codominant canopy 
tree. On both these fir and spruce-fir sites there are 
many stems, generally of relatively small diameters, 
rather straight and tall with a considerable number 
of standing dead stems, especially fir in the 1-4 in. 
diameter classes. Pyrus americana is an oceasional 
canopy tree on the fir site and Betula alleghaniensis 
is encountered more frequently on the spruce-fir sites. 
Considerable fir reproduction may occur on the more 
level areas in the lower altitude mixed forests. Simi- 
lar species of herbaceous plants are found on the two 
sites, chiefly Aster acuminatus, Clintonia borealis and 
the two ferns, Dryopteris spinulosa v. americana and 
Athyrium filix-femina. 

The Oxalis-Dryopteris fir site type, on moderate 
slopes at high elevations, is an open forest type with 
branchy, relatively short Abies fraseri the important 
canopy tree. The ground cover is frequently nearly 
100% Dryopteris spinulosa v. americana and Athy- 
rium filix-femina, with lower strata of Oxalis montana 
and rich mosses. Although a similar site type is not 
recognized for the spruce-fir forests, the moist phase 
of the Viburnum-Vaccinium-Dryopteris type ap- 
proaches this type. Here at mid-altitude on nearly 
level mesic sites Oxalis and fern cover may be very 
high and the shrub layer may be muc! reduced, and 
this might have been distinguished as a separate sub- 
type. Herbaceous species are similar to those of the 
O-D fir site, Streptopus roseus, Trillium erectum, 
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Aster acuminatus and Clintonia borealis occurring on 
both the fir type and the moist phase of the Vi-Va-D 
type in the spruce-fir forest. Chelone lyoni and 
Stachys clingmanii are more typical of the fir forest. 

The Hylocomium-Vaccinium site type occurs in 
both the spruce-fir and the spruce forests on norther- 
ly or easterly steep slopes with loose rocky substra- 
tum. Moss and Oxzalis montana coverage is frequently 
very high and there may be a continuous low shrub 
stratum of Vaccinium erythrocarpum. Canopy trees 
are not large in diameter and in the understory there 
are many stems both living and dead in the small 
diameter classes. Fir seedlings may be quite high 
in numbers in both instances. 

The Vibrunum-Vaccinium-Dryopteris site type 
occurs in fir, spruce-fir, and spruce forests. These 
forests show a characteristic five-storied development 
in the undergrowth layers, moss-Oxalis-fern-Vacci- 
nium-Viburnum. The fir sites generally have a higher 
coverage of moss and Oxalis montana compared with 
those at lower altitudes in the spruce-fir and the 
spruce forests. Much of the moss in the fir site type 
is Hylocomium splendens, while this species may be 
absent on the spruce site. Both spruce and fir may 
attain large diameters on the mid-altitude spruce-fir 
sites of this type. 

The Senecio site type with extremely high Senecio 
rugelia coverage and few if any shrubs is repre- 
sented only in the fir sites since at lower altitudes 
those sites with moderate Senecio coverage also have 
a well developed shrub layer and are included under 
the Vi-Va-Se site type. 

The Viburnum-Vaccinium-Senecio type of the 
spruce-fir forests occurs on somewhat drier slopes 
than the Vi-Va-D type. Moss and Oxalis coverages 
are generally lower and Senecio rugelia of moderate 
coverage. Considerable bare litter may be evident. 
Spruce trees of very large diameters are encountered 
in this and the following site type. 

The Viburnum-Vaccinium-Lycopodium type of the 
spruce sites is similar to the Vi-Va-Se type described 
above but considerably more bare ground covered 
only by needles and dry litter is found in the Vi-Va-L 
type. Lycopodium lucidulum and Medeola virginiana 
are frequently conspicuous and are good indicators 
of this site type. Senecio rugelia, ferns and mosses 
may be present in the pockets or depressions but 
total coverage of ground plants is the lowest for any 
site type. Shrubs are frequently only scattered. Ilex 
montana, Amelanchier laevis and Acer pensylvanicum 
are commonly present. Occasionally spruce trees at- 
tain very large diameters on sites of this type. 

The fir site type, Se, the spruce-fir site type, Vi- 
Va-Se, and the spruce site type, Vi-Va-L, are gen- 
erally found on moderately steep to steep south or 
west facing slopes. 

‘ The Rhododendron site type extends throughout 
the southern boreal forest. At high altitudes under 


a canopy of Abies fraseri the most important shrubs 
are Rhododendron carolinianum and R. catawbiense 
with Menziesia pilosa and Diervilla sessilifolia in the 
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more open areas. The ground cover varies from nearly 
zero on the more exposed ridges and crags to nearly 
100% Hylocomium splendens, Sphagnum sp. and 
other mosses on the steep wet north slopes. At lower 
elevations spruce becomes the dominant canopy tree 
and Rhododendron maximum, and Kalmia latifolig 
and on some sites Leucothoé editorum and Smilax ro- 
tundifolia become increasingly important. Adjacent 
to the dry heath balds the ground cover consists of 
only an extremely low coverage of lichens and mosses 
with an occasional specimen of Trilliwm undulatum, 
Galax aphylla, Lycopodium clavatum or L. obscurum, 
Here the spruce and fir trees are dwarfed and de- 
formed, scarcely forming a continuous forest. On the 
more moist sites the spruce and fir trees are taller and 
of larger diameter. With increasing amounts of Vi- 
burnum alnifolium in the tall shrub layer, Betula alle- 
ghaniensis becomes a more important tree and the 
fern and herb coverages are greater. With decrease 
of Rhododendron this type merges into the Vi-Va-D, 
the Vi-Va-Se or the Vi-Va-L site types. 

At elevations below 5000 ft there occurs a mixture 
of various hardwoods with the conifers Picea rubens 
and T'suga canadensis. Moss and Oxalis are nearly 
always low in coverage. Many of the species found 
in these mixed forests are common to the birch gaps 
that oceur throughout much of the spruce-fir forest. 
In midsummer these birch gaps and openings in the 
boreal forest are colorful with a rich display of Rud- 
beckia laciniata, Monarda didyma, Aconitum uncina- 
tum, Lilium superbum and Hydrangea arborescens. 
Usually these birch sites occupy the dips or concave 
slopes along the mountainsides. Frequently the sub- 
stratum is rocky and wet with running water. Ground 
cover varies from a high coverage of mosses, ferns 
or Solidago glomerata to the rich mixture of shrubs 
and herbaceous plants listed above. The beach gaps 
are generally drier, at elevations under 5500 ft. more 
frequently south-facing, and have a much higher cov- 
erage of sedges and grasses or ferns. Solidago cur- 
tisti, Stellaria pubera v. silvatica and Prenanthes altis- 
sima are good indicators of this site type. 


SUMMARY 
The southern spruce-fir forest extends along the 
higher ridges of the Great Smoky Mountains National 
Park from Mt. Sterling in the northeast to Silers 
Bald in the southwest. The spruce, Picea rubens, 
enters the canopy around 4500 ft elevation but the 
stands are usually mixed with hardwoods or hem- 
lock up to 5000 ft or more. Even above these eleva- 
tions in the gaps, yellow birch, Betula alleghaniensis 
or beech, Fagus grandifolia, may predominate. Mixed 
stands of spruce and fir oceur from 5000 ft upward, 
and above 6200 ft, Fraser fir, Abies fraseri, may be 
the dominant canopy tree. Pyrus americana is the 
important deciduous tree at these higher altitudes and 
Betula alleghaniensis at lower altitudes in the spruce- 
fir forest. 
Based upon frequency and coverage of species of 
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shrubs and herbaceous plants, the 8 site types pro- 
posed for the southern boreal forest are as follows: 
1. Oxalis-Hylocomium 
2. Oxalis-Dryopteris 
3. Hylocomium-Vaccinium 
. Viburnum-Vaccinium-Dryopteris 
. Senecio 
. Viburnum-Vaccinium-Senecio 
. Viburnum-Vaccinium-Lycopodium 
. Rhododendron 


For the spruce-hardwoods forest the site types tenta- 
tively suggested are as follows: 


i: 
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1. Viburnum 

2. Aster 

3. Rhododendron 
and for the beech-birch gap forests: 

1, Carex 

2. Athyrium 

3 Solidago 

Several of the site types in the southern boreal 
forest correspond rather closely to Heimburger’s 
(1934) site types for the northern boreal forest in the 
Adirondack region. Some of the site types listed 
above are included in the more general topographic 
sub-types described in Whittaker’s (1956) paper. 

Some of the site types extend throughout the range 
of the southern boreal forest but others are more 
characteristic of specific canopy types. Various in- 
terrelationships of the species of the lower and upper 
strata of these site types are discussed. 

Following fire the development of spruce and fir 
stands with characteristic ground cover is extremely 
slow. In such areas various shrubs, yellow birch and 
fire cherry usually are the dominant vegetation for 
many years. Even after more than 20 yrs only oe- 
easional spruce and fir trees are encountered in such 
devastated areas. 

Windthrow damage is characteristic of much of 
the high altitude fir forest, which is shallowly rooted. 
Following the overthrow of the canopy trees, fir seed- 
lings develop rapidly, producing pole stands of even- 
aged trees. This cyclic type of reproduction appears 
characteristic of the high altitude stands. 

In contrast, in the mid-altitude spruce-fir and the 
lower altitude spruce forests individual trees are 
occasionally uprooted or broken off, and old trees of 
spruce and fir may die and remain standing for many 
years after death. With the gradual replacement of 
these scattered individuals, uneven-aged stands are 
produced. 

Although many species of herbaceous plants are 
found throughout the altitudinal range of the southern 
boreal forest, certain species or species combinations 
are more characteristic of specific forest types. More 
herbaceous species, generally of less coverage, are 
present at the lower elevations, while fewer species, 
although frequently of very high coverage, are present 
at higher elevations. 


GROUND VEGETATION PATTERNS OF THE SPRUCE-F'IR AREA 
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INTRODUCTION 


SUMMARY OF SUCCESSIONAL INTERPRETATIONS 


Of all the successional aspects published on Florida 
vegetation, those concerning the relationship of sand- 
pine scrub (“serub”) and sandhill vegetation (“high 
pine-turkey oak,” “longleaf-pine/turkey-oak,” “high 
pine land,” ete.) have been controversial. Kurz 
(1942) stated that “high pine land” vegetation was 
succeeded by scrub. Laessle (1942) considered that 
these communities had no seral relationship. Miller 
(1950) expressed the opinion that “sand-pine serub” 
was succeeded by “high pine-turkey oak.” Whitney 
(1896) stated that “there is no apparent reason, from 
the chemical or physical examination, to account for 
this difference in the native growth on scrub as com- 
pared with the high pine land or the hammock,* and 
so far as our investigations show, there is no differ- 
ence in the soil. The only explanation for the dif- 
ference in the character of the vegetation is that it is 
accidental and that one kind of crop or another re- 
ceived a start and simply spread, the two kinds of 
vegetation not being capable of growing together.” 

*Hammock has been defined by Laessle (1942) as a 
predominately broad-leaved evergreen association of 
trees growing on soils seldom if ever subject to flooding. 
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CHARACTERISTICS OF THE COMMUNITIES 

While the vegetation of the sand-pine scrub and 
sandhills has been described by many who used a 
variety of terms to designate the two well-drained 
plant communities (Harper (1914, 1915, 1921, 1927), 
Mulvania (1931), Kurz (1942), Laessle (1942), 
Miller (1950), ete.), they showed surprising unanimity 
in naming the plants characterizing them. The 25 
serubs of this study are seattered throughout most 
of the peninsula from Broward County in the south 
to Clay County in the north (Fig. 1). The following 
list of plants is typical of serub as indicated by the 
number in which each oeeurred (in parentheses). 

The plant names follow Small (1933). Generally 
accepted synonyms are given in parentheses. As- 
terisks indicate evergreen or essentially evergreen 
species. Pinus (25), Quercus myrtifolia* 
(25), Quercus chapmanii* (23), Quercus virginiana 
maritima*® (23), (21), Xolisma fer- 
ruginea* (20), Rhynchospora dodecandra* (19), 
Galactia sp. (17), Cyanococcus (Vaccinium) myrsi- 
nites* (10), Garberia fruticosa* (15), Tamala (Per- 
sea) humilis* (14), Sabal etonia* (13), Andropogon 
floridanus (13), Pityothamnus obovatus (11), Cera- 
tiola ericoides* (12), Amarolea (Osmanthus) ameri- 
(11), Smilax auriculata* (11), Panicum paten- 


clausa 


Serenoa repens* 


cana* 
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SCRUBS UPON 
WHICH LIST OF 
TYPICAL SCRUB 
SPECIES IS BASED 


@Goldhead State Pork 
Florahome 
Sumner 


(4) Eureka 
Weloko 


(Ss) 

() 4 mi. W.SW Ocala 

(7) Candler 

(6) 5.6 mi. E.Lynn 

(3) Central Tower Ocala Not. For. 
') 

(2) 


(0) Lisk Pt 
6mi. N.W. Astor Pork 
3.3 mi. E.Lecanto 
@ Lake Tsaia Apopka 
(9) Big Scrub S.Ocalo 
('5) Altoona 
(16) Weekiwochee Spg. 
('7) Orlavista 
@ 2.7 mi. S. Orlavisto 
(9) 3m. N.W. Lohman 
@9 Neor W. Frostproof 
@') Archbold Biol. Station 
G2 Hilolo 
@3) Nigger Jim Scrub 
N. Ft. Pierce 
@) Ft. Louderdale ite 


Fig. 1. Locations of scrubs upon which list of typical 
scrub species is based. 


tifolium (11), Muscadinia (Vitis) munsoniana (11), 
Selaginella arenicola (8), Batodendron (Vaccinium) 
arboreum* (8), Polycodium floridanum (8), Ilex 
ambigua (8), Bumelia tenax* (7), Geobalanus (Chry- 
sobalanus) oblongifolius (8), Ilex cumulicola* (6), 
Quercus laevis (6), Petalostemon feayi (6), Solidago 
chapmanii (7), Rhus copallina (6), Galactia elliottii* 
(6). These characteristic tree and shrub species are 
almost identical to those listed by Kurz (1942). 
Two herbs, Rhynchospora dodecandra and Andropo- 
gon floridanus, not listed by Kurz, are probably as 
good indicators of this community as many of the 
more conspicuous shrubs. The turkey-oak is atypical, 
and its occurrence in scrub is explained later. 

The important species of the sandhills of penin- 
sular Florida are as follows: Pinus australis (P. 
palustris),* Quercus laevis, Q. cinerea, Q. marga- 
retta from central Florida north, two wire-grasses 
(Aristida stricta and Sporobolus gracilis), Eriogonwm 
tomentosum central Florida northward, E. floridanum, 
central to S. Central, Cracca chrysophylla, Stillingia 
spathulata, Kuhnistera pinnata, Geobalanus (Chryso- 
balanus) oblongifolius, Croton argyranthemus, Rhyn- 
chosia spp., Sorghastrum secundum, Andropogon 
elliottiit, Pityopsis graminifolia, Crotalaria spp. 
(native species). Saw-palmetto (Serenoa repens* ) 
may be locally present as may be a few other shrubs. 
With minor omissions and more numerous additions, 
particularly in herbaceous species, this list agrees 
essentially with that given by Kurz (op. cit.) for 


‘ 








ett A 3) 
“High Pine Land,” or the Longleaf-pine/Turkey-oak 
Association (Laessle 1942). 

The contrasts between these two communities ean- 
not be appreciated by comparison of plant lists, 
The serub, except for the sand-pine is composed of 
dense growths of almost entirely evergreen shrubs 
and has little or no herbaceous ground cover. The 
woody species of the sandhills form open, park-like 
stands of deciduous hardwoods with an abundant 
herbaceous ground-cover composed predominately of 
wire-grasses. The abrupt transition from one of 
these communities to the other (often without any 
topographie change nor any change in the apparent 
physical properties of the soil) (Fig. 2) leads to 
the question of causes. It has been brought ont 
by many (Harper, Mulvania, Kurz, Laessle, Miller) 
that, in general, different soil profiles characterize the 
two communities. The scrub occurs either on white 
sands of the St. Lucie Series, or on soils of the Lake- 
wood Series in which, for the first foot at least, the 
sand is nearly white but is underlaid by sands of 
definitely yellow color. Sandhill vegetation has been 
considered as occurring mainly on soils of the Norfolk 
Series which, in recent years, have been divided into 
two main series according to Gammon et al. (1953); 
“Norfolk, derived from marine deposits of non-cal- 
careous sands and clays has a profile of greyish- 
brown, grey or dark grey surface over yellow, yellow- 
ish-brown or brownish-yellow subsoil overlying friable 
sand clay loam or sandy clay subsoils at 14 to 30 
inches.” This new Norfolk series, according to them, 
does not occur in peninsular Florida. The other 
principal series, divided from the old Norfolk, and 
the one supporting most of the sandhill vegetation 
in peninsular Florida, is Lakeland, which has been 
described as “having been derived from moderately 
thick beds of sand—with a greyish-brown to dark 
grey surface 4 to 6 inches thick over yellow, yellow- 
ish-brown or brownish-yellow lower layers.” No 
mention is made of the origin of these sands, nor is 
any description given as to what constitutes the “deep- 
phase” which is cited in their tables of analysis, but 
this obviously means that no red or reddish clays or 
sands are encountered at depths of 3 to 4 ft. It will 
be shown later that many exceptions occur to the 
general correlations of these soils and the vegetation 
touched on here. 

Kurz (1942) expressed the opinion that many 
serubs occupy ancient dunes formed in conjunction 
with former Pleistocene shorelines, but was careful 
to note that some of the lower ridges of flatwoods 
areas of east and south Florida might well be old 
wave formed bars or ridges. He further stated, 
“whatever the nature of these old topographic fea- 
tures, their white sands, all of Pleistocene seas, are 
similar and consistantly inhabited by scrub vegeta- 
tion.” Laessle (1942) independently and only 4 
few months earlier expressed similar opinions con- 
cerning the origin of soils supporting scrub as fol- 
lows: “that scrub is a typical stage in dune succes- 
sion or, at least. that it oceurs on deposits of marine 
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Fic. 2. Dense mature scrub dominated by sand pine 
with an understory of evergreen shrubs occupies the left 
of the trail, turkey oaks and longleaf pine (background) 
dominate the sandhill to the right. It is the custom of 
the foresters of the Ocala National Forest to maintain 
firebreaks and trails in the ecotones between the two 
communities. Photo taken on the west side of Riverside 
Island, July, 1958. 


sands that were strongly washed and sorted as are 
bars and beaches.” Laessle also stated that “soils 
which support longleaf-pine and turkey-oak were 
formed either from remnants of older soils that 
have been submerged but were relatively unmodified 
by marine processes before re-emergence, or if they 
were formed from marine deposits, that they were not 
subject to severe coastal wave and wind action.” 


RANGES OF THE ASSOCIATIONS 

Wells & Shunk (1931), in an ecological study of 
the sandhills of North Carolina, make this statement, 
“anquestionably the majority of sandhill deposits 
represent the work of water along sea shores, estuaries 
and riverbeds. Aerial deposition has, to a limited 
degree, also occurred.” While classification of the 
vegetative units of these sandhills is quite different 
from the Longleaf-pine/Turkey-oak Association, their 
plant lists of the better drained portions of the North 
Carolina sandhills is so similar to species encountered 
in Florida that their vegetation is at most only a 
faciation of this Association. They describe nothing 
remotely resembling scrub as described by most 
Florida plant ecologists, nor do they give any de- 
scription of the vegetation on what they consider 
soil of aerial origin. 

The Longleaf-pine/Turkey-oak Association is ap- 
parently confined to sandhills of either deep sands, 
Lakeland series, or comparatively shallow sands with 
a sandy-clay subsoil Norfolk series, and extends on 
the Coastal Plain from south-central North Carolina, 
central Alabama, and eastern Louisiana, to as far 
south as southern DeSoto and Highlands Counties in 
Florida. The sand-pine serub, is almost entirely con- 
fined to Florida, a few examples being present near 
the coast in Alabama. 
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THE RELATIONSHIP OF SAND-PINE SCRUB 
TO THE PLEISTOCENE TERRACES 

Now with the aid of many recently published 
topographic quadrangles of Florida, aerial photo- 
graphs and MaeNeil’s (1950) simplified treatment 
of the Pleistocene terraces, a much more accurate 
picture of the age and genesis of Florida’s scrubs 
should be possible, and perhaps more definite conclu- 
sions may be reached regarding relationships be- 
tween scrub and sandhill vegetation. 

The Pleistocene terraces recognized by MacNeil 
are as follows: 


Altitude Age 
Okefenokee 150 ft Yarmouth interglacial stage 


100 ft 
25-30 ft Mid-Wisconsin glacial recession 


Silver Bluff 8-10 ft Post-Wisconsin 


Wicomico Sangamon interglacial stage 


Pamlico 


“All of these shore lines are regarded as peaks of 
marine transgression. Minor shore lines believed to 
have been formed during pauses in the following re- 
gressions, such as Cook’s Penholoway and Talbot 
shore lines, either have not been dealt with or referred 
to as late stages.” MacNeil further states, “The 
Wicomico shore line is the least sharply defined of 
the shore lines recognized, which might indicate that 
the sea stood at this level for a comparatively short 
time. Fairly well developed marine features are 
shown by the 100-, 90-, 80- and 70-foot contours.” 
MacNeil also mentions a number of “Ridges” which 
have bearing on the distribution of Florida’s serubs 
(Figs. 3, 4). In his diseussion of the Okefenokee 
terrace he mentions the Lake Wales ridge in Polk 
and Highlands Counties and two similar but lower 
ridges to the west of it. In discussing the Wicomico 
terrace he describes the Orlando ridge as including 
(portions of) Marion, Lake and Orange Counties 
with a pronounced cape southeast of Orlando. From 
this point the shoreline cut back sharply to the west 
as far as southeastern Lake County and then turned 
abruptly southward, following the east side of the 
Lake Wales ridge to a point south of Lake Childs. 
He further states that the Orlando ridge, passing 
below the 100-ft contour in southern Orange County, 
continues with decreasing altitude, through eastern 
Oseola County, northeastern Okeechobee County, and 
western St. Lucie County into western Martin County. 
“It is probably that the low southern end of the 
Orlando ridge is younger than the part from Orange 
County northward and that it grew southward during 
the retreat of the Wicomico sea.” 


Moves OF ForMATION OF SoILs SUPPORTING SCRUB 


From this study of 25 scrubs in peninsular Florida, 
it is apparent that the soils supporting these scrubs 
possess two common factors, (a) the soils are nearly 
pure silicious sand, and (b) that these sands are ex- 
tremely well-drained. These two conditions have 
apparently arisen in at least the following ways: 
1. Dune deposits back of shore lines both Pleistocene 
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and Recent, the sands having previously been strongly 
washed and sorted by marine eurrents and wave ac- 
tion. 2. Pleistocene beaches and bars associated with 
marine shorelines of strongly washed and sorted 
sands that attained and retained good drainage after 
the recession of the sea. 3. Submerged hilltops that 
were covered for considerable time by water, shallow 
enough to allow strong washing, sorting, and leveling 
of the top by subsurface wave action. It has been 
shown that this type of wave action has little effect 
on unconsolidated sediments at depths much over 6 
fathoms (Russell 1957). 4. Sand deposits washed 
and sorted by deep marine currents, such sands hav- 
ing good drainage after recession of the sea. 5. 
Wave-washed shores of freshwater lakes—providing 
that such lake levels receded slowly due to gradual 
lowering of the water table as by solution of under- 
lying limestone. There is possibly still another 
method—that of strongly washed and sorted sands 
of fluvial origin—but serubs formed in this manner 
would be small because of the lack of gradient and 
comparatively small volume of flow of streams in the 
region studied. 
DUNE SCRUBS 

Serubs of dune origin are generally the most 
easily recognized, both because they are readily ob- 
served back of present shore lines and their presence 
behind the higher Pleistocene shore lines is readily 
detected from the more or less parallel ridges of sand. 
However, a series of parallel offshore sand bars, on 


ALBERT M. LAESSLE 





Monographs 
ol. 28, No. 4 





Ecological 
V 







EARLY WICOMICO 


ISLANDS 
modified from MacNeil (1950 


Cushy 





ne 

of Orlando Ridge 

@ Sub-ceriol deposits 

© Sub-marine deposits 
Strongly washed 

x Hill-top scrubs of the 

Wicomico Sea 

—» Direction of stronger currents 


Fig. 4. Approximate shore line of the early Wicomico 
sea superimposed on the present shore line of Florida. 


emergence from the sea, may simulate a series of 
shallow dunes. Their elevation in relation to the 
well recognized Pleistocene sea levels is one of the 
principal means used here in the separation of the 
mode or origin. Another more difficult interpreta- 
tion of dune sands occurs when comparatively small 
amounts of moving sands have been blown over older 
terrain of irregular topography which catches the 
wind-borne sand in a pattern dependent on the origi- 
nal topography and on the force and direction of the 
wind. Dunes of this type were observed just west 
of the Lake Wales ridge along the new route of 
U.S. 27, from a few miles south of Avon Park to a 
little north of West Frostproof. A more detailed 
account of this type of dune and the associated vege- 
tation is given later (p. 381). Dune serubs associated 
with both the Okefenokee (Fig. 3) and Wicomico 
(Fig. 4) seas are most evident and prevalent on the 
east side of the Lake Wales ridge for reasons ex- 
plained later. Inland dunes of the Pamlico sea (Fig. 
5) are best developed in Marion and northern Lake 
County, but are much more extensive nearer the 
Atlantie coast, being prominent from the vicinity of 
Jacksonville south at least as far as West Palm 
Beach, Palm Beach County. The dating of dunes of 
Pamlico, Silver Bluff (Fig. 6), and Recent shores is 
often diffieult as more recent sands often blow over 
and mix with those of clder wind deposits, but a few 
examples of serubs on what appear to be definitely 
Silver Bluff dunes have been observed. 
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BEACH AND OFFSHORE BAR SCRUBS 


Serubs formed on sand deposits of this sort are 
not as common as one might suppose when one con- 
siders all of the shore lines that once existed about 
the islands, ete., of the various Pleistocene seas. Their 
comparative paucity is better understood in light of 
the following considerations. Many of these ancient 
shores, even when bordering open seas, were on the 
lee shores to strong prevailing winds and hence sub- 
ject to only the mildest type of wave action. Many 
of the more exposed shores were subject to erosion 
rather than accumulation. Also, as mentioned pre- 
viously, excellent drainage must obtain after old shore 
lines and bars are exposed by the receding sea. Fre- 
quently there was not enough topographic irregularity 
to insure good drainage and many ancient bars and 
beaches of well-washed and sorted sands are there- 
fore occupied by “flatwoods” vegetation. However, 
some of the better drained areas are occupied by 
“serubby flatwoods” (Laessle 1942), and similar 
vegetation (Kurz 1942). Such areas have floristic 
similarities of scrub, particularly in the presence of 
the oaks, Quercus virginiana maritima, Q. myrtifolia 
and Q. chapmanii. It should also be borne in mind 
that many areas formerly oceupied by scrub, if pro- 
tected from fire by adjacent marshes, swamps or lake 
and river shores, now support hammock vegetation. 
The roles of succession in serub and the part played by 
fire in this process is discussed more fully later. 
Examples of beach and bar scrubs will also be treated 
in more detail. 
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Fig. 6. The position of some scrubs on sands as- 
sociated with the Silver Bluff sea. 


HILLTOP SCRUBS 

Most of such scrubs were apparently formed in 
the Okefenokee sea (Fig. 3). They are characterized 
by being flat-topped, the elevation of this flattened 
surface varying from about 125 to somewhat above 
140 ft. These scrubs are generally surrounded by 
sandhill vegetation at lower elevations. Two such 
scrubs were studied in Orange County, one largely 
occupied by the town of Orlovista, the other about 
2.7 mi. to the south on Fla. 435. Both of these 
serubs have elevations of about 140 ft and are sur- 
rounded at lower elevations by sandhill vegetation 
or citrus groves obviously planted on yellow Lakeland 
soil. Another in Citrus County, 3.3 mi. east of 
Lecanto, occurs at about the same elevation and is 
likewise surrounded by sandhill vegetation at lower 
elevations. Another, largely occupied by the town 
of Florahome, Putnam County, has an elevation of 
about 130 ft and is in part surrounded by hammock 
and sandhill vegetation. A number of small scrubs 
of the hilltop type were observed in Orange County. 
One is just east of the citrus plant at Plymouth, 
elevation 130+ ft. At least four occur near Apopka, 
one at the north city limits, another about 2 mi. 
north on Fla. 435, another about 4% mi. N.W. and 
a fourth about 34 mi. S.W. of this town. While 
exact elevations are not available, they all seem to 
fall within the 130-140-ft contours. The Apopka 
scrubs are bordered for the most part by flatwoods 
at slightly lower elevations except for the one to the 
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southwest which is bounded by sandhill vegetation and 
citrus groves. 

A few small hilltop scrubs occur near Eustis and 
Umatilla, but as the elevations there are generally 
below 100 ft, it seems that they had a similar genesis 
in the Wicomico sea (Fig. 4). Another small serub 
of the hilltop type occurs about 3.75 mi. west of 
Palatka. Here the elevation is 76+ ft. 


SAND DEPOSITS WASHED AND SORTED BY 
DEEP MARINE CURRENTS 

There is apparently no known limit to the depth 
at which such deposits may occur and the upper limits 
would merge with those of offshore bars which are 
exposed at extreme low tide. They are not necessarily 
associated with shore lines and are not dependent on 
wave action for their formation. An extensive de- 
posit of this nature is the sub-Wicomico sea exten- 
sion of the Orlando ridge, reaching in a nearly 
straight line from southern Orange County to Martin 
County. At least two serubs occurring near the 
southern end of this sub-marine deposit (Fig. 4) 
are treated later. It seems likely that much of the 
well-washed sand on the west side of the Ocala Na- 
tional Forest scrub was brought in by strong marine 
currents. Such currents, traveling from the north- 
east would deposit sands as their speed was slowed 
to the lee of an island that existed near this spot in 
both Okefenokee and Wicomico seas. The presence 
of an Okefenokee island here is shown by MacNeil; 
as the “Citronelle”’* reaches above the 150 ft. contour 
here, its presence at that time is substantiated. I have 
called this Riverside Island. It is an “island” of 
sandhill vegetation and bears that name on maps of 
the Ocala National Forest. It also seems likely that 
similar currents during Wicomico time, ran through 
straits just north of, and about 8 mi. south of Ocala, 
depositing strongly washed and sorted sands on the 
west, or lee, side of southwesterly moving currents 
thus giving rise to a scrub about 10 mi. long in the 
north-south axis, but averaging little over 1 mi. in 
width. This serub, called the “Big Serub” on the 
Ocala Quadrangle, begins about 8 mi. south of Ocala 
and extends south into Citrus County. A smaller 
scrub of probably similar origin is about 4 mi. south- 
west of Ocala. A more complete discussion of these 
scrubs will be given later. A small poorly-defined 
scrub occurs on the west flank of the Baywood Prom- 
ontory (Fig. 3). This serub is on Fla. 100 about 
2 mi. east of the center of Florahome at about the 
130 ft contour (Fig. 3). It seems likely to have been 
caused by currents of the Okefenokee sea coming from 
the northeast through a strait just north of this 
promontory. This shows nicely at the north end of 
the Interlachen Quadrangle. It is likely that further 


* Citronelle is in quotes because according to Pro- 
fessors R. A. Edwards, Head, Dept. of Geol., E. C. 
Pirkle, Asso. Prof., Physical Sciences, and H. K. Brooks, 
Asso. Prof., Dept. of Geol., all at the Univ. of Fla., its 
status as a formation is at best doubtful. The name 
is used here to indicate extensive deposits of red clayey 
sands sometimes containing gravel and pebbles. 
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study will show more scrubs formed on sand de- 
posits accumulated on the lee side of straits where 
strong marine currents have been slowed enough to 
discharge their heavier sediments. 


WAVE-WASHED SHORES OF FRESH WATER LAKES 

Serubs of this type are relatively rare, apparently 
because a gradual subsidence of lake level over a 
long period of time has seldom occurred. Usually 
solution of the underlying limestone has been so 
rapid that lakes disappear before shore line sands 
have been sufficiently washed except in a narrow ring 
corresponding to a long-continued, relatively stable, 
shore line. Only one former lake has been observed 
which is now nearly all oeeupied by scrub. The 
peculiar set of circumstances involved in the forma- 
tion of this serub is discussed in detail (p. 43). 


THE EFFECTS OF STRONG PREVAILING 
WINDS AND CURRENTS IN CONJUNCTION 
WITH PLEISTOCENE SEAS 
AND SHORE LINES 

It may seem presumptuous for a plant ecologist 
to impinge on the provinees of geologists, climatolo- 
gists, soil scientists and even oceanographers, but it 
is felt that all of these subjects have played an im- 
portant role in determining where and why scrubs 
oceur. 


WIND 

The generally southwesterly tilt of tree trunks, 
particularly of sand pines, in scrubs along the east 
coast of Florida, clearly indicates that the strong 
prevailing winds are from the east-northeast. This 
wind direction is influenced by a number of factors, 
some of the more important being: 1. The region is 
far enough south to be influenced by the east-north- 
east trade wind belt. 2. The predominance of conti- 
nental “high” and Gulf and Caribbean low pressure 
systems tend to cause both dry and wet “north- 
easters.” 3. Thermals formed in the peninsula during 
the day tend to draw cooler air inland, intensifying 
winds already generated by the first two forces. 

Nvidence that a similar wind pattern obtained 
during much of the Pleistocene is evident from the 
direction of the long axis of ancient coastal dunes 
formed along the north and east shores of land ex- 
posed during the interglacials. -Dunes of the Wi- 
comico sea are particularly well-developed and show 
in the Childs quadrangle in southern Highlands Coun- 
ty, a portion of which is reproduced in Fig. 7, and 
diseussed later. Beautiful parallel dune topography 
is shown on the Lake Weohyakapka quadrangle (Fig. 
11) in east-central Polk County, which are also of 
this sea level. Excellent Pamlico dune topography 
is shown in air photos of portions of the Ocala Na- 
tional Forest in eastern Marion County (Fig. 7), 
discussed in more detail later. Kurz found that re- 
cent dunes associated with the Atlantic coast were 
almost invariably of paiallel ridges with their long 
axes at right angles to the effective winds. In the 
well-worn words of the founder of the science of 
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topography is evident is dune sand occupied by scrub. 
except for a few more or less rectangular fields, is 
and are evident in the upper left and lower center. 


Fig. 7. Air photo of portion of Ocala National Forest, Marion Co., Fla. All the area in which wavy 
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Pat’s Island, vegetated by Longleaf-pine/Turkey-oak 
located in the upper center. Swale ponds are black 
The lighter diagonal band starting in the lower left 


is the sear of a crown fire that was carried by strong southwest winds. The lighter tongues are from fires 
forced to the southeast when the wind veered to the northwest. Most of the dark areas in the central and 


east-central portions are low hammocks or swamps. 


geology, James Hutton, “the study of the present 
is the key to the past.” It seems safe to say of dunes 
of such striking similarity to those of the present 
that the forces which created them were similar, in 
that they occur only back of the east to northeast 





shores of Pleistocene land exposures and have such 
similar structure. Hence, it may be concluded that 
the winds from mid-Pleistocene to present were of 
comparable force and direction in the region under 
discussion at the time these dunes were formed. 
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One might argue that perhaps during interglacials, 
the climate might have become much drier in the 
region under discussion, in fact, too dry to support 
sufficient vegetation to protect unconsolidated sands 
in exposed areas from blowing. This apparently was 
not the case, as signs of dune formation are limited 
to relatively few miles behind ancient shore lines, 
except in the Ocala National Forest where a peculiar 
set of circumstances are explained later. It is likely 
that sometimes during the driest periods convection 
thunder storms would form in the moist warm air 
even over the comparatively small islands present in 
the Okefenokee sea. Winter frontal storms of inter- 
glacials were probably few and thus the winter dry- 
season was not severe enough to modify the vegeta- 
tion types much from those existing today. 

Kurz thought that the direction of the beaches, 
the imediate source of dune sands, was important in 
determining the long axis of the dunes back of them. 
The importance of this factor in determining the 
direction of the long axis of dunes is difficult to 
evaluate in peninsular Florida since the beaches and 
dunes formed from them, both Pleistocene and Re- 
cent, are almost all aligned with a north-northwest, 
south-southeast axis, or at right angles to the strong 
prevailing winds. There is a noticeable trend for 
the axis of dunes to shift slightly from this align- 
ment, as found near the northeast shores, to a more 
nearly north-south axis found back of the east shore 
lines (Fig. 11). 

Dunes occupied by scrub vegetation are common 
along the east coast of Florida. Cooke (1939) stated 
that the high dunes at St. Johns Bluff, Duval County 
(Fig. 5) are probably of Pamlico age and also stated 
that the dunes near the Daytona Beach airport are 
definitely of this age, but he seems to infer that most 
of the other dunes near the east coast are probably 
of Recent origin. Nevertheless, at least some of the 
very high dunes in Martin County, between Hobe 
Sound and Jupiter, appear to be largely of Pamlico 
origin. Well-defined Pamlico shore lines on the Gulf 
Coast of Florida, and scrubs growing on their dunes, 
are much rarer and more widely scattered than 
east ridge (Fig. 5). Cooke attributes this to the 
greater tides on the Atlantic side which made wider 
beaches, the immediate source of dune sand. He also 
mentions differences in the nature of the parent mate- 
rials and differences in the strength and direction of 
marine currents along these shores. To this must be 
added the much stronger and more constant east-north- 
east winds so characteristic along the Atlantic Coast. 
As evidence, witness the wind-pruned vegetation and 
west to southwest inclined trunks of the sand pines 
along the east coast, as compared to the lack of these 
features on the west coast. But evidence that the 


same factor was shaping coastal features, at least as 
far back as Wicomico and probably during Okefe- 
nokee time, is plain from the abundance of dunes 
with north-northwest, south-southeast axes on the At- 
lantic side of the “Ridge,” particularly toward its 
southern end. 


Such obvious dune topography is al- 


ALBERT M. LAESSLE 





Ecological Monographs 

Vol. 28, No. 4 
most completely lacking to the west of the “ridge,” 
and one must go to the coastal areas of west Florida 
to find dunes formed apparently by winds predomi- 
nantly from the southern quadrant. Scattered scrubs 
near the Gulf coast, such as those near Weekiwachee 
Springs, Hernando County, are probably on sands 
of Pamlico origin. Dunes and bars of the Silver 
Bluff sea (Fig. 6), occupied by scrub, show up nicely 
in the Sumner Quadrangle, Levy County. The bars 
occur near Lukens, about 3 mi. N.E. of Cedar Key, 
the dune near Sumner about 3.5 mi. further inland, on 
State road 24 (Fig. 6). Seahorse Key, with an ele- 
vation of over 50 ft, is, according to Cooke, a dune. 
Due to the absence of fire here the vegetation is of 
hammock growth except near the shore lines. Other 
serubs on bars of Silver Bluff age occur near Naples 
(Fig. 6). Sands of Silver Bluff origin are doubtless 
present in other portions of the peninsula, particu- 
larly on the Atlantic side, but their age is generally 
obscured by dunes of more recent origin. 


CURRENTS 

Strong and generally south-flowing longshore cur- 
rents occur on Florida’s Atlantic coast about as far 
south as Palm Beach, and are continuations of the 
southwesterly longshore currents off the Carolinas 
and Georgia (Table 1). The fact that coarser sands 
are more common in the Pleistocene deposits further 
inland in east central Florida than in many recent 
and Pleistocene sediments further north suggests that 
even then strong longshore currents existed well down 
the peninsula. These currents seem to have carried 
much of the Pleistocene mantle of sand that overlies 
older sedimentary limestones which form the founda- 
tion of Florida. These currents are largely gigantic 
eddies caused by the large mass of the rapidly north- 
easterly moving Gulf Stream, the edge of which is 
only a few miles offshore in southern Florida. The 
strength of the southerly longshore current is re-en- 
foreed, by frequent strong northeast winds and this, 
plus strong wave action, makes Florida’s east coast 
a high-energy shore which is much in contrast to its 
low-energy Gulf Coast. It should also be mentioned 
here that the bottom shelves off more rapidly on the 
Atlantic than on the Gulf side, contributing much 
toward stronger wave action and currents along the 
former. 

The Recent offshore bars, barrier islands, spits 
and dunes along the east coast, so obviously the work 
of the above forces, are repetitions of similar features, 
formed in similar manner, along the shores of the 
higher Pleistocene seas. Martens (1935), in disecuss- 
ing beach sand on the south Atlantic coast, mentions 
that “To the south of West Palm Beach the extent 
and thickness of the Pleistocene sand deposits be- 
comes much less. This suggests that conditions some- 
what like those of the present may have persisted in 
the past.” As suggested by MacNeil (1950), the south- 
ern extension of the Oriando ridge from southern 
Orange County to Martin County (Fig. 4) was prob- 
ably extended gradually south south-eastward by long- 
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TABLE 1. Direction and Speed of Marine Currents 

Offshore* 

Orr JAcKSONVILLE, | Orr Daytona Beacn,| Orr CHARLESTON, 

Fa. Fi. 8. C. 

Month Naut. Approx. Naut. | Approx. Naut. | Approx. 

Mi/Day Dir. Mi/Day | Dir. | Mi/Day | Dir. 
Jan... 8.6 S.W. 5 | S.E. 7.2 W. 
Feb... 24.0 8.S.E. 12 5.S.E. 15.6 S.W. 
Mar... 4.8 8.8.E. 6.7 S.E. 2.4 S.W. 
April 6.0 8.W. 9.6 8.S.E. | 41.8 S.W. 
May 8.4 8. 7.0 | 58. 6.5 S.W. 
June 4.8 | SS.W. 67 (88m | 14 N.E. 
July 4.4 | SS.W. 5.8 | W. | 4.6 | N.W. 
Aug.. 4.3 | N.W. 5.8 | N.N.W. ce Ww: 
Sept 2.4 | S.W. 7.9 | SSE. | 6.2 | SW. 
Oct. 3.4 8.W. Norecords close to shore} 1.4 S.F 
Nov..... 5.5 | SS.W. 6.6 |SSW. | 3.4 | SW. 
Dec. 8.9 | 8.8.W. | 10.1 | SSE. 5.5 | ESE. 

| 








*Compiled from the Atlas of Surface Currents, North Atlantic Ocean, Hydro- 
graphic Office, U. S. Navy, 1937. Note all these records are based on readings 
determined on comparatively calm days. 
shore currents of the gradually retreating Wicomico 
sea, much as the barrier islands and offshore bars were 
formed and are being extended southward by similar 
currents today. However, due to the presence of an 
island (the central and northern portion of the Or- 
lando ridge), the Wicomico longshore current was 
bent or deflected more to the southeast, and as the 
Wicomico sea was shallow, sand deposits built up by 
this current were soon exposed as the sea retreated. 

The most southerly scrub examined, on the north- 
west suburbs of Fort Lauderdale, Broward County, 
is apparently a bar or spit of the Silver Bluff sea 
(Fig. 6). This serub is growing on about a 3-ft 
layer of white sand deposited over Miami limestone. 

The general S.S.E. trend of even the highest ridges 
of the peninsula, the Lake Wales ridge and the two 
lying just west of it (Fig. 3), suggests that perhaps 
these were shaped by similar, §8.S.E. currents in poorly 
defined, and at best doubtful Pleistocene seas such as 
the Brandywine (maximum elevation 270 ft) and the 
Coharie (elevation 215 ft) (Cooke 1939). No fea- 
tures that could be attributed to these shore lines in 
peninsular Florida were observed even though one hill 
on the Lake Wales ridge has an elevation of about 
325 ft. 

There is a ridge, probably of Pamlico origin, quite 
evident on recent topographic sheets, which extends 
from about 3 mi. west of Melbourne in a south- 
southeasterly direction, but gradually moving further 
west of the present intercoastal water of the Indian 
River. The ridge which terminates about 10 mi. west 
of Fort Pierce shows no evidence of dune topography. 
Nor is any evidence of dunes found on the Pamlico 
shore of the southern extension of the Orlando ridge. 
It seems, therefore, in the light of the high-energy 
eoast line that was undoubtedly present in Pamlico 
times, that the exposed shore line was farther east, 
and the dunes which border the west shore of the In- 
dian River are of this age, modified perhaps by wind- 
blown sands of the Silver Bluff sea (Fig. 6). Dunes of 
the exposed Pamlico shore probably were formed as 
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far south as West Palm Beach. Dunes about 9 mi. 
north of Fort Pierce reach elevations of over 45 ft and 
one about 13 mi. north of West Palm Beach is over 50 
ft high. This would mean that long barrier islands ex- 
isted about 20 mi. east of the shore of the Pamlico 
mainland which extended south to about the latitude 
of the middle of Lake Okeechobee. A shallow lagoon 
covered what is now flatwoods and prairies between 
these land areas. These offshore Pamlico islands are 
mimicked by Recent or possibly, in some eases, Silver 
Bluff barrier islands which form the east shore of the 
Indian River (Figs. 5, 6). 


THE SIZE OF SOIL SEPARATES 
AS EFFECTED BY WIND, WAVE, 
ACTION AND CURRENTS 
In attempting to determine whether the size of 
the inorganic particles of the soils were significant 
in determining the occurrence of serub and sandhill 
vegetation 32 soil samples were run through screens 
of the following sizes: 


Size in mm Separate 
2-1 Fine gravel 
1-.5 Coarse sand 
5-.25 Medium sand 
25-.125 Fine sand 


20 
.125-.0625 


: Very fine sand 
less than .0625 


Silt and clay 


Each soil sample was agitated mechanically for 
10 minutes while in the separators. The weight of 
the dry sample before analysis was at least 25 gm. 
Each separate was weighed to the nearest hundredth 
gram and unless the total weight of the separates was 
within 1% of the weight of the original sample, the 
process was repeated. The results of these analyses 
are shown in Graphs 1, 2, 3, and 4. 

Before discussing these analyses it would be well 
to formulate what might be expected in the way of 
sorting by such factors as wind, wave action and 
currents, and to speculate on where the materials 
The age and mode of forma- 

formation which seems to 


so sorted were derived. 
tion of the “Citronelle” 


be the principal source of sands forming the inland 
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Graphs 1, 2, 3, 4 show the approximate percentage of 
soil separates from each of the sites studied. Due to the 
small percentage of some separates it was impractical to 
indicate them by proper symbols, and hence such sepa- 
rates have been shown by solid black columns. This 
should cause no difficulty since each figure is arranged 
with the coarsest separate on the left and the finest on 
the right. 


serubs and sandhills of the peninsula has been most 
controversial. Miocene, Pliocene and early Pleisto- 
cene ages have been proposed. Both delta and marine 
agencies, or combinations thereof, have been postu- 
lated for this “formation.” The reader is referred to 
MaeNeil (1950) for his discussion of some of these 
theories. 

Recently Pirkle (1956) found marine fossils in 
place in some of the “thick” sand deposits north of 
Gainesville and noted that these marine sands grade 
into the red and yellow clayey sands and sandy clays 
of northeastern and east-central Alachua County. He 
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also mentions that in places these deposits contain 
discoid quartz pebbles and that such sediments have 
been called “Citronelle.” An exposure with similar 
pebbles, just west of Interlachen, Putnam County, 
was shown me by Messers Pirkle and Brooks of the 
Geology Department, University of Florida. A sim- 
ilar deposit is exposed in a road cut east of Eureka, 
Marion County (Fig. 8). Pirkle (1956) states, 
“Exact dating of these sediments awaits further area] 
studies,” but he considers a Pliocene or Pleistocene 
age definite with the latter far more likely. The fact 
that these large pebbles occur on the north and east 
exposures of the “Citronelle,” but are lacking to my 
knowledge, in the more southern and western ex- 
posures in peninsular Florida, may supply an im- 
portant clue as to their origin in the light of winds, 
currents and wave action in the past. 









Fig, 8. Cut just east of Eureka on Florida 316, The 
darker line at B represents an unconformity, that 
at A, a horizon due to weathering and C is an ex- 
posure of the ‘‘Citronelle’’ containing flattened discoid 
quartzite pebbles up to 2 in. long (Prof. H. K. Brooks, 
pers. comm.). The nearly pure white sand between 
point B and the ‘‘Citronelle’’ was apparently deposited 
by marine currents slowed to the lee of Riverside Island 
(see Graph 4, Fig. E, for mechanical analysis). All of 
the sand above horizon B is probably of Pamlico dune 
origin. 





Vernon (1951) proposed a middle-Miocene delta 
plain to account for most of the unconsolidated sand 
and sandy clay deposits which form the “ridge” of 
the peninsula, and Bishop (1956) states that these 
deposits in Highlands County may be an extension 
of this delta plain built by a river flowing southward 
between structural irregularities developed along the 
Ocala uplift during the Miocene epoch. Disregarding 
the age of these “Citronelle” deposits, it seems very 
difficult to visualize a river of such magnitude (the 
deposits are tremendous) not leaving evidence of any 
known valley leading from the north. The Suwannee, 
the nearest approach to such a river today, is & 
piddling stream that could hardly have contributed 
much sediment. However, there is no doubt that 
these sediments did come from the north. Sellards 
(1912) thought that the original source of these sedi- 
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ments was the granitic rocks of the Appalachian 
Mountains, although possibly several times reworked 
in the course of their removal to the present position. 

How much more plausible that they were carried 
here by marine currents. First there is the general 
parallel strike of these deposits with trail ridge oc- 
eupying the same axis as the Lake Wales ridge and 
parallel to the two ridges to the west (Fig. 3), as 
pointed out by MacNeil. The same parallel axis is 
shown by later Pleistocene islands and Recent de- 
posits (Figs. 4,5 and 6). The beauty of this concept 
is that the factors at work today, the southerly long- 
shore current along the east coast, and rivers of 
sufficient volume and fall such as the Altamaha and 
Savannah, could have eroded the Piedmont and trans- 
ported such quantities of sediments to the sea. As 
brought out by Martens (1935), “With the exception 
of collophane (phosphatic fragments from the Haw- 
thorne) and shell, all the minerals found in beach 
sand occur in the rocks of the Piedmont region, and 
most of them are common and widely distributed.” 
The southerly-moving longshore currents would not 
have to be strong, since during storms, wave action 
along the shores will agitate even large flattened 
pebbles such as are found in much of the “Citronelle,” 
or Hawthorne, according to Bishop, as far south as 
southern Highlands County. 

The uniformly much finer sediments observed west 
of the ridge, compared to the much coarser ones 
found on and to the east of it, are logical in the light 
of the longshore current theory, but are inexplicable 
in the delta theory of Vernon (1951) and Bishop 
(1956). See Graph 3, in which Figs. A, B, F, G, 
H and I are for areas either on the ridge or east of 
it, and Figs. C, D and E are for areas west of the 
ridge. 

What about the movement of sediments from the 
north along the Gulf Coast of Florida? Available 
marine charts indicate that southerly longshore cur- 
rents here are weak and generally lacking. Price 
(1954) records longshore drift northward from In- 
dian Rocks 20 nautical miles, and a stronger S.S.E. 
drift from Indian Rocks to Cape Romano, a distance 
of 75 nautical miles. But if the sea level were 150 
ft higher, might not the southerly drift shown for 
the currents of the Gulf beyond the shallow but wide 
continental shelf move closer to shore, perhaps far 
enough to have carried some sediments from the 
north? If this were true, such currents must have 
been weak as the sands along the Gulf side for a 
considerable distance inland from the present shore 
are uniformly fine. It should be mentioned that 
quartzite pebbles were available as Sellards (1912) 
mentions them as occurring a few miles south of 
Cottondale in the Florida panhandle. They were 
no doubt transported there from the north by Gulf 
rivers arising in western Georgia and Alabama, not 
by marine currents. 

Assuming the long-continued presence of southerly 
moving longshore currents on the Atlantic side, it 
might be expected that coarser sediments would be 
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deposited first and the finer ones carried further 
south. This premise may hold in general but ob- 
viously, in the light of the irregularites of shore lines 
in Pleistocene seas, some areas were more exposed 
to winds, waves and currents than others, and erosion 
in some areas and deposition in others may logically 
be expected. Coarser sediments would be expected 
on exposed shores and finer ones in quieter, more pro- 
tected waters. Whatever the sizes of the original ma- 
rine deposits, re-working by the forces of wind, cur- 
rent, and wave action would re-sort them, tending to 
form deposits of more homogeneous size (providing 
that their shapes and specific gravities were similar). 
Undoubtedly a study of the concentrations and posi- 
tions of deposits of heavy minerals would add much 
to our knowledge of the direction, foree and volume of 
marine currents associated with Pleistocene seas. 

The unconsolidated deposits overlying the lime- 
stones were probably once much thicker in some 
places on the east side of Trail Ridge and over the 
Ocala arch between Trail Ridge and the Lake Wales 
ridge. The lack of dunes, offshore bars, ete., on the 
east side of Trail Ridge indicates that, at least from 
Okefenokee time, erosion rather than accumulation 
has taken place here. It seems likely that the com- 
bination of the southward longshore currents and 
tidal currents running through straits between 
Alachua and Polk Counties during Okefenokee and 
early Wicomico have caused erosion right down to 
the Ocala limestone which lies exposed, or nearly so 
in much of this area. 


THE MOST SIGNIFICANT SCRUB 
AND SANDHILL AREAS STUDIED 


Detailed plant lists were made of all the scrubs 
and of many of the adjacent longleaf-pine/turkey- 
oak communities but only those of special signifi- 
cance need be reported. In general the scrubs of the 
older and higher shore lines are treated first but, 
inasmuch as some of the larger scrubs embrace two 
or more terraces, the rule is not strictly followed. 


STUDIES ON AND NEAR THE 

ARCHBOLD BIOLOGICAL STATION 

The Archbold Biological Station is located near 
the southern part of Highlands County, Florida (Fig. 
1). Its boundaries are given in the Childs Quad- 
rangle of the U. S. Geological Survey, 1953. Red 
Hill, with an elevation of over 210 ft, according to 
this quadrangle, has an elevation of 222.2 ft, accord- 
ing to a careful topographic survey made by Alex- 
ander Blair, the engineer who designed the main 
buildings, water system and roads of the Station. 
Red Hill is apparently a southern extension of the 
“Lake Wales Ridge.” At the time MacNeil did his 
work, elevations in the southern part of Highlands 
County were not generally known although Blair’s 
survey antedates MacNeil’s. MacNeil shows an iso- 
lated hill about 7 mi. northwest of Sebring as being 
the southernmost Florida Okefenokee shore. Red 
Hill and some of the highland about it therefore, 
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extend this shore line between 30 and 35 mi. further 
south. The flatwoods and prairies to the east of 
the Station have elevations varying gently above and 
below the 150 ft contour, and were obviously smoothed 
by the shallow Okefenokee sea which had a shore 
line here nearer the 160-ft elevation, rather than the 
150-ft level given by MacNeil. The land lying from 
2 to 3 mi. to the east and north of Red Hill is 
covered by old dunes and is, where undisturbed by 
agricultural practices, occupied by scrub. About 2 
mi. southeast of the Station, shore lines and terraces 
of both the Okefenokee and Wicomico seas are quite 
evident but to the east and north these features as 
separate entities have been obscured by Wicomico 
dunes which extend down to about the 75-ft contour. 
Beyond this shore, to the east, flatwoods and prairies, 
interspersed with bays and low hammocks, extend for 
many miles (generally between 70 and 50-ft eleva- 
tions) and thus represent lower portions of the Wi- 
comico terrace. 

While the top of Red Hill is dominated by Carib- 
bean pine (Pinus caribaea = P. elliottii densa) it is 
surrounded by scrub dominated by sand pine (P. 
clausa) on all sides except to the south which is 
planted to citrus. A small amount of this groveland 
above the 200-ft contour extends to the south of the 
Station boundary. The band of scrub on the west 
side of Red Hill is narrow and extends from about 
the 145-ft contour up to about the 170-ft contour. 
Its sands do not appear to be of dune origin, as their 
surface slopes up gradually from the level of the 
flatwoods on the west side of Red Hill. On the north 
and east sides the surface layers of this scrub sand 
are much more irregular and the scrub is continuous 
for distances mentioned above, except for a quarter 
mile wide strip of grove along the east boundary of 
the Station. Serub vegetation on old dunes reaches 
higher elevations, about 180 ft, in places on the east 
flank of Red Hill. A soil profile on the east side 
serub was 0-24 in. white sand; 24-36 in. pale yellow 
sand. The soil profile in the scrub on the west side 
of the hill was 0-6 in. white sand, 6-24 in. pale yellow 
sand. A soil profile on top of Red Hill dominated 
by Caribbean pine was 0-2 in. grey sand, 2-4 in. 
yellow-grey sand, 4-6 in. yellow-orange sand, 6-36 
in. bright orange, coarse sand at all levels (see Graph 
1, Figs. A, B and C for soil separates). MacNeil 
(1950) deseribes the Okefenokee shores of Polk and 
northern Highlands Counties as occurring at 150 ft, 
and aprons of white sand extending outward from 
the actual shore lines a short distance. His deserip- 
tion fits the situation around Red Hill nicely for 
the situation on the west side, except that the white 
sand extends somewhat higher than the 150-ft con- 
tour. Moderately wave-washed sands would be ex- 
pected on the west shore of the Okefenokee sea, 
assuming that the prevailing strong winds were from 
the northeast then, as they are today. Following 


the same line of reasoning much stronger wave action, 
and perhaps dune formation, would be expected on 
the north and east shores of an island such as Red 
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Hill must have been during Okefenokee time. From 
study of the Childs Quadrangle, it appears that the 
ancient dunes southeast of the Station were formed 
along the Okefenokee shore, since a well-marked ter- 
race appears here, while most of the old dunes to 
the east and northeast appear to have been formed 
back of the Wicomico shore and to have blown over 
and obscured the Okefenokee shore line features. 

The origin of the bright yellow (Lakeland) soil 
(Matson, 1916) at the top of Red Hill seems to be 
either residual sands from the “Citronelle” formation 
or to be derived from the “Citronelle” and subse- 
quently transported and deposited by a pre-Okefeno- 
kee sea. An apparent southern extension of the 
“Citronelle” as a near surface formation, was ob- 
served in a clay pit about 1% mi. S.W. of Childs 
Station and about 2 mi. north of the Archbold Sta- 
tion. It reaches an elevation of about 170 ft. Here 
about 3 ft of weathered sands occur above the red 
sandy clay of the “Citronelle.” However, a sand pit 
on the top of Red Hill is over 8 ft deep and still no 
red clay has been encountered. This is a much 
thicker mantle of sand than is generally encountered 
where the surfaces are obviously residual from the 
“Citronelle.” 

Sellards (1912) states that the depth of the layer 
of residual sand weathered in place from the “Citro- 
nelle’ is greatest where there is no surface wash 
removing the weathered sands. He also states that 
the texture of these sandy clays varies considerably 
and that the depth of sands weathered would be 
greater where larger components of coarse material 
are present. Both of these factors seem to favor a 
deep weathered layer on Red Hill, as the sands are 
coarse. This texture would make it imperative to 
have a super-deluge for surface wash to oceur. In 
addition, the top of the hill is nearly flat for %4 mi. 
east and west and 34 mi. north and south. It has 
been exposed to weathering for at least 300,000 yrs— 
the youngest estimate for the “Citronelle” is before 
mid-Pleistocene, (MacNeil 1950). 

The plant association occupying the yellow-orange 
sands at the top and upper slopes of Red Hill is 
apparently unique. Its original extent is doubtful 
due to the extensive development of citrus groves in 
nearby areas. It is here recognized as the Caribbean- 
Pine/Turkey-Oak Association. The present area of 
this Association is estimated to be between 200 and 
250 acres, all within the boundaries of the Station. 
Well-drained soils to the north and northwest sur- 
rounding DeSoto City, Sebring and Lake Placid 
(where not under cultivation) support either sand 
serub or fairly typical sand hill vegetation. These 
areas are at, or near, the southern limits of the Long- 
leaf-pine/Turkey-oak Association. 


VEGETATIONAL ANALYSIS 
A considerable amount of time was spent walking 
through the Caribbean-Pine/Turkey-Oak Association 
(Fig. 9), making notes on the species present, varia- 
tions in the density of the tree canopy, and distribu- 
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tion of the herbaceous ground cover. Then a quadrat 
100 ft square was located on the N.W. slope of Red 
Hill about 15 ft below its crest in an area fairly 
representative of the Association. The quadrat was 
sub-divided into twenty-five 20 x 20 foot squares, 
and the woody vegetation was mapped in each 20-ft 
square, with symbols for each species and approxi- 
mate diameter-breast-high (d.b.h.) for all species 
reaching this height. Small shrubs, such as gopher- 
apple, were mapped; their individual stems were not 
counted. Small specimens of saw-palmetto (Serenoa 
repens) and serub-palm (Sabal etonia), when less 
than 1 ft tall, were not mapped. When small and 
dense, individual stems of Quercus myrtifolia were 
not mapped (Table 2). The scrub quadrat (Fig. 10) 
was laid out and mapped in a similar manner. It 
was located about 800 ft northwest of the above- 
mentioned quadrat. Herbaceous vegetation was not 
mapped in either quadrat. The approximate area 
occupied by vegetation was estimated frequently in 
the 20’ x 20’ squares. Mr. J. Brass, Botanist 
at the Station independently formed ae estimate. 
Our estimates seldom varied more than 5% for any 
single square. The lowest estimate for cover in any 
square in quadrat #1 was 30%, the highest 80%, the 
average about 50%. In the scrub quadrat the per- 
centage of cover was much greater, being close to 
90% with only 2 squares of low vegetative cover, 
one on an old campfire site, and one in which there 
was a windfall of a large sand-pine. 





An average portion of the Caribbean-pine/ 
turkey-oak quadrat. 


Fig. 9. 


Tables 2 and 3 were compiled from these mapped 
quadrats. Beneath each table is a list of observed 
but unmapped species arranged in descending order 
of abundance. 


DISCUSSION OF THE CARIBBEAN 
PINE/TURKEY-OAK ASSOCIATION AND SCRUB 
The general aspect of the vegetation of this 
Association suggests that it is intermediate between 
typical scrub and the typical sandhills or Longleaf- 
pine/Turkey-oak Association (Laessle 1942), but with 
Caribbean pine replacing the longleaf pine. Harper 
(1927), referring to high pine lands and scrub, states 
—“in Highlands County the two types often inter- 
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Fig. 10. 


A typical portion of the sand pine serub 
quadrat. The very crooked shrubs, center and right, 


are Xolisma ferruginea. Serub hickory is at the extreme 
left. Other than the sand pine, upper background, most 
of the remaining vegetation is myrtle oak. 


TABLE 2. Numbers of individuals by diameter classes 
in Quadrat 1 of the Pinus caribaea/Quercus laevis 
Association. 
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Geobalanus oblongifolius. 


Herbs in approximate order of abundance were: Aristida 
stricta, A. gyrans, Chapmannia floridana, Cracca chrysophylla, 
Andropogon floridanus, A. stolonifer, A. hirtiflorus, Eriogonum 
floridanum, Pityopsis graminifolia, Actinospermum angusti- 
folium, Laciniaria tenuifolia, Chamaecrista brachiata, Com- 
melina angustifolia, Cuthbertia ornata, Panicum patentifolium, 
Cyperus cf. tetragonis, Hieracium megacephalon, Stipulicida 
setacea, Bivonea stimulosa, Sisyrinchium xerophyllum and 
Opuntia sp. Also unmapped but frequent was the shrub 
Palafoxia feayi. The woody vines Muscadinia munsoniana 
and Smilax laurifolia were infrequent. The parasitic vine 
Cassytha filiformis was common. The vascular epiphytes were 
Dendropogon usneoides, Diaphoranthema recurvata, Tillandsia 
tenuifolia, T. fasiculata and T. balbisiana. Terrestrial lichens 
were very abundant. The fern ally Selaginella arenicola was 
also plentiful. The turkey-oaks in this quadrat were generally 
small, but some on Red Hill had a d.b.h. of 8 to 10 in. 


grade in a perplexing fashion.” The reason for the 
absence of longleaf pine on Red Hill is not known 
but some planted specimens are making good growth 
along the paved road on this hill. The last naturally 
established longleaf pines were observed about 5 mi. 
to the N.W. on Fla. 70. As the country intervening 


between this apparently southern outpost of the spe- 
cies and Red Hill is almost entirely scrub on inactive 
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TABLE 3. Numbers of individuals by diameter classes 
in Quadrat 2 of the Sand-pine Scrub. 





d.b.h. inches 
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Species 
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Quercus myrtifolia. . . 210) 46, 1 
Quercus chapmanii.. . 46| 25) 7 
Quercus v. maritima. . . 62) 8 

Xolisma ferruginea..... 11) 35) 14 

Sabal etonia 3 126 

Serenoa repens........ 30 
Cyanoccus myrsinites...... 3 
Ximenia americana. . 6} 
Tamala humilis..... ah A 
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Garberia fruticosa 2 ake ] 

Geobalanus oblongifolius....| 4(small patched) 
Clinopodium ashei..... ) | 
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List of herbaceous plants, etc., of scrub quadrat on the 
northwest slope of Red Hill. + indicates that this species also 
eccurred in Quadrat #41. Herbs in approximate order of 
abundance were: Rhynchospora dodecandra, Commelina angusti- 
folia +, Sisyrinchium xerophyllum +, Chapmannia floridana 
+, Galactia sp. +, Cassytha filiformis +, Grass (probably 
Andropogon sp.), Aristida stricta + A. gyrans +, Actinos- 
permum angustifolium +, Afzelia pectinata, Cyperus sp. +, 
Panicum patentifolium +, Meibomia sp., Stipulicida filiformis 
+} Bivonea stimulosa +, Selaginella arenicola +, Oxypteryx 
curtissiii (1 example), Scleria triglomerata, Lichens, 4, includ- 
ing Cladonia pycnoclada and C. leporina +, Moss (probably 
Plagiothecium micans) 2 examples. 

Small shrubs, in approximate order of abundance were: 
Palaforia feayi +, Clinopodium ashei, Geobalanus oblongifolius 
+-, Polygonella polygama, Opuntia sp. + 

Woody vines: Muscadinia munsoniana +, Smilax laurifolia 


os 
Epiphytes 

The only epiphytes noted, besides lichens, leafy liverworts, and 
an occasional moss, were: Diaphoranthema recurvata + 
(fairly common), Tillandsia tenuifolia + (rare). 


dunes, it may be that this barrier is responsible for 
the lack of natural stands of this species on Red Hill. 
The Caribbean pine, usually a flatwoods and rocky- 
pine-land species, is apparently filling the niche nor- 
mally oceupied by longleaf pine. Other than the 
obvious difference in the species of pines dominating 
the two quadrats, there is a much larger number of 
turkey oaks in Quadrat #1 (106) compared to Quadrat 
#2 (16), seven occurring in the higher N.E. two 20’ 
x 20’ squares nearest the broad ecotone between the 
quadrats. The 6 silk-bays (Tamala humilis) in the 
scrub quadrat are considered very significant as not 
only were none found on Quadrat #1, but none were 
observed in any of the Lakeland soil associated with 
Red Hill. Clinopdium ashei was confined to an open 
portion of the scrub quadrat and was_ observed 


generally in the more open portions of the serub 


surrounding Red Hill as well as in the eecotone 
between the quadrats, but was entirely lacking 
in Quadrat #1 and on any part of Red Hill that 
was clearly Lakeland soil. Of the herbaceous 


species found on the serub quadrat Rynchospora 
dodecandra is as clear-cut an indicator of serub, or 
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the next seral stage, xeric or live-oak hammock, as 
any. The species was not observed on soils of the 
Lakeland chrysophylla, Laciniarig 
tenuifolia and Eriogonum floridanum, characteristic 
of Lakeland soils and abundant in Quadrat #1 and 
in the lake region generally, do not oceur in “typical” 


Cracca 


series, 


serub. Rhynchosia sp. and Polygala polygama, while 
not found in Quadrat #1 were common to most of the 
Lakeland soil of Red Hill. These also were never 
observed in the serub. A further noteworthy quanti- 
tative difference between the two quadrats is the much 
greater abundance Aristida stricta and Geobalanus 
oblongifolius in Quadrat #1. 

The small number of individuals of many typical 
scrub species such as Q. v. maritima, Q. chapmanii 
and Q. myrtifolia of the larger d.b.h. in the Carib- 
bean-pine/Turkey-oak quadrat, in comparison to those 
in the serub, is probably indicative of their rather 
recent development in the former. Fire protection 
at the Station has been in effect for about 20 yrs 
while the unprotected sandhill vegetation has had 
frequent fires which probably killed back or pre- 
vented establishment of these typical serub forms in 
the sandhill quadrat. 

A striking contrast between the two quadrats 
is the quantitative and qualitative difference in the 
corticolous liverworts. In the serub they grow on 
branches and small twigs almost completely exposed 
to sun and wind, while on the same species of trees 
and shrubs in the Caribbean-pine/Turkey-oak Associ- 
ation almost none occur, even in the more shaded 
portions. The following lists give the number of 
species found within about the same collecting time, 
20 minutes, in each of these quadrats: 


Quadrat #2 Serub 
Cololejeunea minutissima® 
Frullania plana 
F. inflata 
F. kunzei 
F. eboracensis 
F. riojaneirensis 
Cheilolejeunea polyantha 
Cololejeunea subcristata 
Taxilejeunea obstusangula 
Lopholejeunea ef. sagraena 
Rectolejeunea brittonii 
Microlejeunea bullata 
Diplasiolejeunea sp. (not rudolphiana) 
Quadrat #1 Caribbean-pine/Turkey-oak 
Cololejeunea minutissima 
Frullania 


Cheilolejeunea polyantha 


kunzei 


Taxilejeunea obtusangula 
Diplasiolejeunea sp. (not rudolphiana) 
Similar observations of corticolous liverworts were 
made in serub and sandhill habitats at the University 
of Florida Conservation Reserve at Welaka, but there 
the sandhill vegetation is more open and scarcely 4 
* Nomenclature follows Frye & Clark (1947). 
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single vascular plant is common to both habitats. 
Sandhill vegetation is normally much more frequently 
burned than scrub but at Red Hill neither association 
has been burned for at least 22 yrs, which would 
seem to be ample time for these liverworts to have 
spread about 100 yards. The greater density of vege- 
tation in the scrub quadrat does not seem sufficient 
to account for such a marked difference in abundance 
of liverworts. 
GOLDHEAD STATE PARK SCRUB 

Only one small scrub was obsevred that does not 
appear to be due either to marine agencies or to 
dunes associated with marine shore lines. It is located 
about 14 mi. northeast of Sheelar Lake in the Gold- 
head Branch Quadrangle, Clay County. This scrub 
has an elevation of between 180 and 200 ft and is 
nearly surrounded by sandhills of higher elevation. 
It is difficult to visualize this scrub as having been 
formed as a pre-Okefenokee dune or even a dune of 
younger age. It seems likely that the depression it oc- 
eupies was formerly a lake and that wave action along 
its shores washed and sorted its sand. Recession of 
this lake was gradual, since Goldhead Branch slowly 
advanced and deepened its ravine toward it. All that 
now remains is a small lake, Deer Lake, at the south- 
ern end of the scrub. This theory is plausible since 
many of the nearby lakes such as Lake Brooklyn, 
about 14 mi. N.E. of Keystone Heights, Keystone 
Heights Quadrangle, has predominately scrub vege- 
tation between the lake and the surrounding sandhills. 
Kurz mentions some scrub on the east side of Kingsley 
Lake, in the Kingsley Lake Quadrangle, Clay County. 
The elevation here is 150+ ft, and therefore it is 
likely on a dune associated with the Okefenokee sea. 
The Florahome Scrub mentioned previously does not 
appear to be of dune origin, but rather a serub of 
the hilltop type formed in the shallows of this sea. 
Its flat-topped nature, mentioned by Cooke, and ele- 
vation 130+ ft, are evidence of its mode of origin, 
the sorting and leveling of sands of the Okefenokee 
sea. 

Definite dune serubs associated with the Okefeno- 
kee shore are few on the eastern side of the southern 
portion of the “ridge,” but exist to the southeast of 
Red Hill, where they have generally been obscured 
by dunes of the Wicomico sea. Shore line features 
such as beaches and bars are common on the west side 
of the “ridge” of the southern lake region and are 
generally vegetated by scrub or “scrubby flatwoods,” 
(Laessle) or in part shallow water-table scrubs 
(Kurz). 

Nearly all serubs in Orange, Lake and counties in 
the “ridge” as far south as Highlands County, with 
the exception of the hilltop types, appear to be due 
to shore line features and dunes back of the Wicomico 
shores. Dunes associated with this shore show very 
plainly in the central and north-central portion of 
the Childs, Highlands County, S.W. corner of the 
Lake Weohyakapka (Fig. 11), N.E. corner of the 
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Lake Wales and central portion of the Davenport 
Quadrangles in Polk County. 


LONGLEAF-PINE/ TURKEY-OAK 
ON Dunes East or LAKE WEOHYAKAPKA 

A remarkable series of parallel dunes associated 
with the Wicomico shore may be observed along Fla. 
630, east of Frostproof (Fig. 11). These dunes are 
occupied by a very poor or sterile facies of the Long- 
leaf-pine/Turkey-oak Association which shows some 
scrub elements, particularly myrtle oak, but lacks 
sand pine in all the portions observed. The soil has 
been classified as Lakeland, deep phase. This is the 
only situation observed where definitely Pleistocene 
dunes are occupied by this Association. It indicates 
that windblown sands are not always sorted enough to 
support serub. The position of these dunes in rela- 
tion to probable currents during the Wicomico (Fig. 
4), indicates that the Orlando ridge and its S.S.E. 
extension lying much to the east of this site would 
have blocked any of the strongly wave’washed and 
current-sorted sands from being deposited here by 
the southerly moving longshore currents. Such well- 
washed and sorted sand accumulated and extended 
the southern extremity of the Orlando ridge south- 
ward during this period. As the early Wicomico sea 
receded gradually the relatively unmodified sands, 
probably weathered from the “Citronelle” and sub- 
jected only to mild washing and sorting because of 
their relatively protected position, were blown back 
from the receding shore in the form of this beautiful 
series of parallel dunes which extended for over 3 mi. 
back from the late Wicomico shore (Fig. 11). 

The contour lines of the dunes in the central and 
north central portions of figure 11 show that the 
northeast sides are steeper than those on the south- 
west exposures. This alone might lead to the con- 
clusion that the determining wind was from the south- 
west, since the classic dunes of deserts are uniformly 
steeper on their lee sides. In light of the fact that 
these are coastal dunes, the following reasoning seems 
to the point. The dune furthest back from the de- 
termining east to northeast winds probably started 
as offshore bars which first accumulated sands from 
the action of waves, and later, as the deposit grew 
and became more exposed to the action of wind, dunes 
built up to over 40 ft above the 100-ft early Wicomico 
sea. During storms such as fall hurricanes which 
result in the highest tides and severest wave action, 
the windward or northeast faces became eroded by 
wave action and thus became the steeper. Sand, thus 
eroded, formed offshore bars and the cycle was re- 
peated, forming parallel dunes progressively seaward. 
Marshes with elevations below 90 ft now exist between 
the dunes; these were shallow, salt-water lagoons in 
early Wicomico time. Additional evidence that wave 
action modified the shape of these dunes is the fact 
that the extremities of their long axes curve land- 
ward. The easternmost limit of the late Wicomico 
shore is shown nicely by a sinuous series of former 
barrier islands just east of meridian 27’30” (Fig. 11). 
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The late Wicomico shore shows clearly at the 70 to 
75-ft contours. 

This example leads to the deduction that winds 
will doubtless do a more complete job of sorting the 
size of particles than water, but long-continued 
washing by waves and currents removes more of the 
essential elements of plant nutrition, leaving behind 
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Fig. 11. The southwest corner of the Lake Weohyakapka Quadrangle showing features of the Wicomico 


little but silicon dioxide, the parent material for the 
development of the typical serub. 


THE LoHMAN Scrus 
This serub is another example of a blending of 
the more typical sandhill species with those of the 
scrub. It is nearly flat, lying just east of higher 
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sandhills, now largely planted to citrus. Just to the 
east, low hammock and swamp vegetation extend for 
a considerable distance. The elevation of this scrub 
is about 100 ft and its origin is doubtless due to 
moderate wave action on sands derived from the 
“Citronelle” along a shallow bay of the Wicomico 
sea (Fig. 4). The blending of sandhill and scrub 
species is apparent from the following plant list: 
sand pine, myrtle oak, scrub hickory, Xolisma fer- 
ruginea, turkey oak,* Selaginella arenicola, Polygo- 
nella polygama, Aristida stricta,* Chapmannia, Gar- 
beria, Crataegus sp.,* Actinospermum, Afzelia pecti- 
nata, Cladonia (3 spp.), Sporobolus gracilis,* Galac- 
tia elliottti, Rhynchospora dodecandra, Serenoa 
repens, Sisyrinchium sp. and Palafoxia feayi. Spe- 
cies followed by an asterisk are definitely sandhill 
species. The soil here, both in texture (Graph 4, 
Fig. D), and in profile, yellow within 3 in. of the 
surface, shows more similarity to that of the sandhills 
than to scrub soils. 





View of longleaf-pine/turkey-oak on bars 
This picture was taken 
facing west at the curve in Florida 630, shown bottom 
eenter of Fig. 11. 


Fig. 12. 
of the early Wicomico sea. 


THE OcaLA NATIONAL Forest COMPLEX 

The serub in the Ocala National Forest, lying 
largely within Marion and northern Lake Counties, 
is the largest in Florida being about 35 mi. long and 
over 15 mi. wide. It is not yet mapped by accurate 
topographic surveys except for the extreme northern 
portion which is shown on the Rodman Quadrangle 
where an elevation of over 150 ft is shown. Some ele- 
vations given in Gunter et al. (1948) are well over 
a 100 ft (146+ near Lynne). Such areas are occu- 
pied by sandhill vegetation. The scrub begins at the 
forest’s eastern side at only a little above the 25-ft 
contour and therefore is all formed on dunes or bars 
of the Pamlico sea. Kurz mentions that in many 
parts of this serub, tongues, or islands of sandhills 
occur; also that there are areas where turkey oak is 
mixed in with what is otherwise typically scrub vege- 
tation. He also mentions, and I have observed, that 
the “Citronelle” formation occurs frequently at shal- 
low depth in this serub. Kurz (1942) states “The 
Ocala National Forest, the largest single scrub unit in 
Florida, far from representing ancient dunes, as some 
have held, is rather a more or less undulating area 
underlaid by a deposit known as the “Citronelle” 
formation. 

In fairness to Kurz, the air photograph (Fig. 
7), which so conclusively show the dune origin of 
this scrub, were not available to him as they were 
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made by the Air Force in 1943 and were restricted 
for some time after that date. It is rather difficult 
to visualize the dune origin of this scrub from the 
ground. If air photographs flown for the U.S.D.A. 
had been available to Kurz they would not have 
shown the dune topography, since such flights are 
made only when the sun is nearly verticle, showing 
no shadows cast by dunes, and two photos of the 
same area taken from different angles must be viewed 
by a stereoscope to show relief. 

The effectiveness of even a very thin veneer of 
dune sand over the underlying “Citronelle” is striking- 
ly shown on Fla. 40, 5.6 mi. east of Lynne. This is 
on the extreme western side of the serub on this high- 
way. Here the soil profile was: 

0-1”—Litter and humus 

1-3’""—Grey fine sand 

3-4”—Yellow-grey fine sand 

4-14”—Orange fine sand 

14”+4+—Red, sandy clay “Citronelle” 


The vegetation was rather mature scrub with most 
sand pines having a d.b.h. of 6 to 10 in. The follow- 
ing species were associated with the sand pine at this 
site: Batodendron arboreum, Quercus myrtifolia, Tal- 
mala humilis, Amarolea americana, Serenoa repens, 
Quercus v. maritima. Ilex ambigua, Xolisma ferru- 
ginea, Polycodium floridanum, Decachaena frondosa, 
Cyanococcus myrsinites, Cladonia spp. and one medi- 
um-sized Q. laurifolia. 

How such a thin layer of sterile surface sand eould 
so strongly affect the vegetation is difficult to com- 
prehend. It seems likely that its effectiveness must 
be relegated to very young seedlings of non-serub 
species which succumb before their roots reach the 
lower, richer horizon. 

One of the deepest exposed layers of sand, at 
least 25 ft (Kurz, 1942), is located on State High- 
way 314 at the west boundary of the Ocala National 
Forest just east of Eureka. Kurz noted that at this 
point typical scrub occurred at the top of the sand 
deposit. Lower down the slope, typical hammock 
species were found. He gave no explanation for 
what he observed here, but mentioned that the serub 
was about 50 ft above the level of the Oklawaha 
River. The exposure at least 25 ft deep in the road 
cut of Fla. 316 at this point, has an exposure of the 
“Citronelle” 8 to 10 ft below the surface (Fig. 13). 
This exposure containes many flat, rounded pebbles 
and fairly high clay content in places and is similar 
to the “Citronelle” in the numerous clay pits dug by 
the Forest Service and in both serub and the long- 
leaf-pine/turkey-oak “islands” throughout the Forest. 
The 8 to 10 ft of overlying dune sand is too deep 
for the “Citronelle” to affect the vegetation. As 
mentioned by Kurz, there is scrub at the top or east 
end of the cut but hammock of well-developed meso- 
phytic nature on the steeply descending west slope 
leading down to the Oklawaha River swamp. Kurz 
did not attempt to explain these vegetative differences 
but did mention that the effective soil was similar. 
The difference in vegetation appears to be due mostly 














Fig. 13. The road cut just east of Eureka, a little 
further west of that shown in Fig. 8. The small, gulley- 
eroded ‘‘Citronelle’’ is here overlaid with dune sand 
supporting mesic hammock. 


to fires and absence of fires as recognized by Harper 


(1921). Since fire had little chance of starting on 
the west base of this steep hill which abuts the 
river swamp, and would burn with great difficulty 
down the steep slope from the scrub on top, ham- 
mock vegetation has been able to develop. This 
illustration shows that even the most sterile dune 
sands will, if protected from fire, support a sandy 
hammock climax and substantiates the fire climax 
nature of scrub. 

The top of Fig. 7 shows Pat’s Island occupied 
by Longleaf-pine/Turkey-oak Association and sur- 
rounded by scrub on obviously dune topography. 
Other “islands” surrounded by “seas” of dune sand 
are scattered over much of the forest. The longest of 
these “islands” of longleaf-pine/turkey-oak is River- 
side Island (p. 15) over 6 mi. long in the north- 
south axis, and located largely in T. 12 S., R. 24 and 
25 E. It too is surrounded by scrub, of Pamlico age, 
at least on the east side, where dunes reach over 150 
ft elevation in Section 26, T. 11 S., R. 24E. It seems 
likely that much of the deeper sand deposited on the 
west side of this “island” was carried by south-flowing 
currents of the Wicomico, or possibly the Okefenokee, 
sea. 

Kurz, as previously mentioned, remarked that 
turkey oak trees occurred in the Ocala National For- 
est scrub and that this was an unusual species in 
this community. However, for miles on the east side 
of the scrub on the dunes near Lake George not a 
single turkey ozk can be seen. Westward the num- 
ber of turkey oaks increases markedly. Would not 
the dune sands as they were blown by the predomi- 
nately strong east-northeast winds pick up sands of 
the exposed and weathered “Citronelle,” and would 
not these dune sands be somewhat enriched by this 
mixture? The increase in frequency of the turkey 
oaks occurs just where it is to be expected in the 
light of such reasoning. 

Why could it not be that turkey oak occurs in 
sernb only where the “Citronelle” is within a few 
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feet of the surface, and that a shallow mantle of pure 
dune sand is the explanation? Firstly, there are num- 
erous areas in this scrub with no turkey-oak and with 
“Citronelle” within a foot or so of the surface; one 
example is given on page 377. Secondly, there are 
areas of very deep sands, at least 10 to 15 ft thick 
above the “Citronelle,” which support serub with a 
high proportion of turkey-oak. Is it not likely that 
some of the lower “islands” of longleaf-pine/turkey- 
oak near the eastern edge of this scrub, such as Pat’s 
Island (Fig. 7), were covered by dune sand which 
killed any existing vegetation? Later, as the dunes 
blew westward, the weathered sands of the “Citro- 
nelle’ would have nothing to hold them and a mix- 
ture of dune and residual “Citronelle” sands would 
result west of the island (See page 383 for discussion 
of the size of soil separates in relation to this sub- 
ject). 

The occurrence of turkey oak in serub is not 
the only indicator of such soil mixture. A plant list 
compiled 0.1 mi. north of the central tower included, 
in addition to turkey oak and typical scrub species, 
the following characteristic of sandhills: Stillingia 
spathulata, Bivonea stimulosa, Laciniaria sp. and 
Triplasis purpurea. 

The. dunes of the Ocala National Forest differ 
from any Recent dunes, and from most Pleistocene 
dunes of Florida, in a number of respects other than 
the unusually long distance that they have moved 
back of the Pamlico shore. The topography of the 
land on which the dunes formed was unusual in that 
it contained elevations at least 125 ft above the shore 
line. In many places the gradual increase in eleva- 
tion of the indurate, unweathered “Citronelle” made it 
impossible for the fore-dunes to block off winds any 
considerable distance behind them, as the “Citronelle” 
to their lee soon reached sufficient elevation to receive 
the full force of the wind. What probably happened 
was that a series of dunes built up along the shore, 
then blew landward killing any vegetation that oceu- 
pied the “Citronelle.” As the first dunes formed anid 
migrated landward new ones accumulated on the 
Pamlico shore from sands earried by longshore cur- 
rents moving southward in what is now the St. Johns 
River valley. The obvious north-northeast alignment 
of the long axes of these dunes persists in most places, 
from the old shore line back as far as the high point 
of the “Citronelle,” which runs approximately from 
the Central Tower to the north end of Riverside 
Island. To the lee, or west, of this ridge the dune 
topography is much more irregular and flatter. 

In all this study of Florida dunes none were ob- 
served with their long axes parallel to the determining 
wind as described in the inland deserts of Australia 
by Madigan (1936) and no barchans or concentric- 
shaped dunes were seen. Aufrere (1928) states that, 
“Wind action on already deep sand deposits seems 
likely to produce transverse dunes, which may pos- 
sibly produce longitudinal dunes as deflation con- 
tinues. Longitudinal dune formation is apparently 
dependent on comparative scarcity of sand over & 
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flat (italics mine) consolidated base.” At the Ocala 
National Forest, the indurate “Citronelle” was not 
flat and there was apparently an abundance of sand. 

Most dune studies have been made in inland 
deserts, while all dunes in Florida were formed along 
shore lines. There is considerable evidence that des- 
ert conditions never existed in Florida, at least dur- 
ing the Pleistocene, as all dunes are associated with 
well-established Pleistocene or Recent shore lines. If 
desert conditions had obtained, there would not have 
been enough vegetation to hold the sand and dunes 
of various types could be expected to have formed 
at least in all exposed, hilly portions of the state. 

There are both striking similarities and differences 
between the dunes of the Ocala National Forest and 
those in northeastern Australia described by Brass 
(1953), “Beginning at the Olive R. was a great tract 
of sand dunes which in varying depth and with an 
oceasional break or (italics mine) of solid 
ground extended along the coast for about 85 air miles 
to the mouth of Escape R. These dunes were no 
beach fringe. They reached inland as far as 10 
miles. The lie of the dunes seemed generally to be 
parallel with the strike of the southeast trade winds, 
although transverse dunes also occurred. Swale ponds 
were common locally. Most of the dunes had the 
aspect of permanence under their stabilizing scrub 
(italics mine). Blowouts of the sand were numerous, 
however, and small areas of more actively regenerat- 
ing dunes were noted. Rain forests established on 
some old dunes, indicate the ultimate in succession 
from sand scrub.” Mr. Brass, personal communica- 
tion, stated that the rainfall of this area averages 
about 60 in. Except for the direction of the pre- 
vailing trade winds, which are from the southeast 
in the southern hemisphere, and the preponderence 
of dunes parallel to the wind, the similarity of the 
two situations is most striking. 

A small serub on a low dune of the Pamlico shore, 
on the east side of the St. Johns River, near Welaka 
(Fig. 5), oceurring at 25 to 30 ft elevation is de- 
seribed by Laessle (1942). Serub elements, such as 
myrtle oak and Chapman’s oak which occur on the 
west foot of the sandhills bordering the flatwoods 
described in the same paper, were formed on the 
wave-washed shore of the Pamlico sea. The numer- 
ous small serubs which oceur along U.S. 17 between 
Crescent City and Barberville are on bars and spits 
of the Pamlico. Being on the west shore of the 
strait now occupied by the St. John’s Valley the 
predominate northeasterlies did not blow sand here 
as they did on the west shore, thus forming the dunes 
of Ocala National Forest (Fig. 5). 


island 


THE “Bia Scrup” 

The so ealled “Big Serub” shown on the Ocala 
Quadrangle (Fig. 1, No. 14 and Fig. 4) was men- 
tioned by Kurz. He gave no explanation as to its 
origin but mentioned that one test hole made by 
Army Engineers 12 mi. west of Belleview disclosed 
about 35 ft of fine light-yellow sand. He failed to 
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observe any of the typical sand-clay-gravel of the 
“Citronelle,” yet mentioned that the sand seemed too 
deep to be residual from the Ocala limestone which 
underlies this area. Since Kurz’ study Fla. 484 
has been extended eastward from Fla. 200, 11.7 mi. 
to intersect Fla. 475. This new highway crosses the 
serub near its northern end and the scrub extends 
about 1.7 mi. on both sides of this highway. At the 
western boundary of the serub, along this road, the 
red sandy clay of the “Citronelle” occurs within 1 
ft of the surface, yet the vegetation is definitely scrub. 
Eastward from this point the elevation of the scrub 
decreases for about 14 mi. then rises gradually until 
it ends at an elevation perhaps 15 ft below the crest 
of the next hill eastward. At this point, therefore, 
the scrub occupies a trough between ridges of richer 
derived largely from the “Citronelle.’ The 
western border of this serub is occupied by an ex- 
tensive belt of sandhills at least 7 mi. wide. Border- 
ing the east side of this serub most of the land is, or 
has been, in cultivation. According to the Ocala 
Quadrangle most of this serub has an elevation below 
100 ft. A large trough of low land below 100 ft ex- 
tends from the serub to-the northeast from north of 
Ocala. Smaller troughs below 100 ft extend north- 
east from the scrub above and below Belleview (Fig. 
3). It therefore seems likely that the sands of this 
scrub were carried by southeasterly flowing ocean 
currents of the Wicomico sea through these straits 
and deposited in depressions to the lee of the islands 
bordering the straits. Proportions of soil separates 
from this point of the serub {Graph 2, Fig. A) sug- 
gest that 
“Citronelle” or at least mixed with such sands. 
low sand appears within 3 in. of the surface. 
Near the southern end of this serub, which extends 
about 3 mi. south of the Marion County line, eleva- 
tions are higher, and there is some evidence of dune 
topography. This is not evident on topographic sheets 
which have intervals of 10 ft. It is not unlikely that 
these well-washed sands were blown some as the Wi- 
comico sea receded from them. The indieations are, 
from the lineup of the ridges, that the determining 
wind was more northerly here than easterly. 
Another small scrub, of probably similar origin, 
is located about 4 mi. W.S.W. of Ocala (Fig. 1, No. 
6). It has separates similar to those shown in Graph 
2, Fig. B. Here too, there is slight indication of dune 
topography near the northern boundary. 


soils 


they are sand deposits washed from the 


Yel- 


Still another small serub is located between the 
north end of the “Big Serub” and the one just men- 
tioned, but this seems to be an example of the hill- 
top type of the Okefenokee sea, as its elevation is 
over 130 ft, it is flat-topped and surrounded by sand- 
hill vegetation. 


THE ALTOONA SCRUB 
The Altoona serub, studied by Harper (1921), is 
growing on a tongue of wind-blown sand and is con- 
tinuous with the vast expanse of scrub oceupied by 
the Ocala National Forest. One tongue of this serub 
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sand terminates 1.4 mi. west of Altoona on Fla. 42. 
The serub at this point occupies a trough between 
higher sandhills having elevations of about 100 ft. 
The sandhills have in part been cleared and planted 
to citrus. The area shows no evidence of dune topog- 
raphy since it represents only the much deflated 
remnant of Pamlico dune sand transported from at 
least 10 mi. to the east-northeast. It is of interest 
that here, as in other portions of the Ocala National 
Forest, that where dune sands have been mixed with 
those of the sandhills a number of characteristically 
sandhill species (turkey-oak, Cracca chrysophylla, 
Stillingia spathulata) oceur with the serub species. 
Further to the N.E. the elevation of this tongue of 
scrub decreases and species common to the sandhills 
disappear completely. Graph 2, Fig. C, shows that 
about 10% soil from near the terminus of this tongue 
of serub sand is coarse, indicative of an admixture 
with sands derived from the “Citronelle.” The soil 
profile at this point, bright yellow within an inch 
of the surface, further strengthens this idea. 


Hituror ScruBs 


The hilltop serubs examined (Figs. 3 and 4) are 
quite consistent in respect to vegetation, the blend- 
ing of serub and sandhill species being at a minimum, 
and the ecotones between them and the sandhills are 
as sharp as any observed in scrubs of other modes 
of origin. There is, however, considerable variation 
in their soil profiles. The Lecanto and Candler 
serubs had yellow sands within 3 in. of the surface, 
while others such as the Orlavista scrub (3.8 mi. 8S. 
of Orlavista) and the Florahome scrub where on white 
sand at least 2 ft deep. It seems entirely possible 
that in some cases currents have transported some 
of the wave agitated sands and the thicker layers of 
white sand may be due to this factor. 

Mechanical analyses of soils from a number of 
these scrubs and of adjacent sandhills show only 
slight differences (Graph 2, Fig. D and E, F and G, 
H and I) with a generally noticeable, slightly higher 
proportion of coarser separates in the scrubs, and 
somewhat higher proportion of the finer separates in 
adjacent sandhills. Such slight difference in the 
particle sizes seems entirely unlikely as an explana- 
tion for the vast difference in the vegetation of the 
two communities and makes the theory of greater 
depletion of essential elements by washing in the 
serub sands the most plausible factor. 

The Candler scrub is of particular interest in 
that it represents an example of seral retrogression. 
Near its center are remains of very large live oaks, 
killed by fire 8 or 10 yrs ago. The sand pines pres- 
ent are all quite young, few being more than 8 to 
10 ft tall. Anthills in this serub are of red color, 
giving evidence of the closeness of the “Citronelle.” 
The abundance and rather uniform age of the sand- 
pines is indicative that the scrub had not progressed 
completely to hammock but that some mature sand 
pine must have been present before the fire to supply 
the seed for such abundant regeneration. However, 
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sand pine wood is not durable and no direct evidence 
of its former presence was observed. 


THE HiLoLo AND NiccerR Jim Scruss 

These scrubs occupy the eastern flank of the 
southern extension of the Orlando ridge (Fig. 4) 
where the easterly slope is steep enough to allow good 
drainage. The flatter portion of the ridge to the west 
is largly covered by flatwoods vegetation dominated 
by Pinus caribaea or saw-palmetto prairies, while the 
lower land to the east is occupied largely by wet 
hammocks and swamp. The soil-water relationships 
here clearly determine the vegetational differences. 

Neither scrub contains any vegetation typical of 
the sandhills, but some similarities with the adjacent 
flatwoods flora are evident. The Xolisma fruticosa 
here appears more like that of the flatwoods than 
that typical of the more inland scrubs. Galactia 
elliottii also is more typically a dry or serubby flat- 
woods species. 

A list of species from Nigger Jim scrub, disturbed 
by bulldozing just prior to observation, is as follows: 
Sand pine, myrtle oak, Chapman’s oak, saw palmetto, 
Xolisma fruticosa, Rhynchospora dodecandra, Galac- 
tia elliottii, Cyanococcus myrsinites, Ximenia ameri- 
cana, Q. v. maritima, Ceratiola ericoides, Stenophyllus 
warei, Polygonella polygama, Conradina grandiflora, 
Andropogon floridanus, Laciniaria tenuifolia, Pani- 
crum breve, Cladonia (3 spp.), Opuntia sp., Selagi- 
nella arenicola, Aristida stricta and A. gyrans. Some 
epiphytes such as Tillandsia tenuifolia, T. usneoides, 
T. recurvata and the orchid, Epidendrum tampense 
were scattered, for the most part, on Q. v. maritima, 
The soil is of the St. Lucie series. 

There are almost certainly other scrubs along this 
ridge but as roads through this region are few, any 
others would be difficult to visit. Mechanical analyses 
of soils from these serubs (Graph 3, Fig. F and G) 
show little resemblance to those of soils of weathered 
“Citronelle.” They lack entirely the fine gravel and 
are much lower in the finer separates, but undoubtedly 
are derived, at least in part, from these sediments. 
The long distance from their nearest likely souree, 
Orange County, would account for the discrepancies 
as they were transported and sorted by the southerly 
flowing longshore currents of the Wicomico sea. 


THE Fort LAUDERDALE ScRUB 

This serubs seems worthy of brief mention, both 
because it is the most southern one studied (Figs. 1, 
6) and because it is rapidly being destroyed. Recent 
housing developments have already destroyed much 
of its eastern portion, as evidenced from the sand 
pines growing in the lawns about homes there. It is 
also unusual in that it oceurs on 3 ft of white sand 
overlying Miami limestone. It was a serub of con- 
siderable size, covering an estimated area of approxi- 
mately 1 sq mi. The plant list for this serub is as 
follows: Pinus clausa, Quercus myrtifolia, Q. chap- 
manti, Q. v. maritima, Geobalanus oblongifolius, My- 
rica pumila, Xolisma fruticosa, Ceratiola ericoides, 
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Serenoa repens, Sabal palmetto (few), Ximenia 
americana, Cyanococcus myrsinites, Palafoxia feayi, 
Rhyncospora dodecandra, Polygonella polygama, Aris- 
tida stricta (very searce), Pityopsis graminifolia, 
Afzelia pectinata, Andropogon floridanus, Panicum 
patentifolium, Actinospermum angustifolium, Clino- 
podium ashei, Cassytha filiformis and one specimen 
of Psychotria nervosa. Three terrestial species of 
Cladonia were frequent. This scrub is bounded, 
where undisturbed, by Caribbean pine flatwoods, but 
reflects this influence only in containing the Myrica 
and Xolisma fruticosa. 


SUCCESSIONAL CONSIDERATIONS 

In an earlier study (Laessle 1942) it was asserted 
that the sand pine scrub is a fire climax occurring 
only on well-drained, strongly wave-washed and wind- 
sorted sands, and that longleaf-pine/turkey-oak occurs 
on soils—“formed either from remnants of older soils 
that have been submerged but were relatively unmodi- 
fied by marine processes before re-emergence, or if 
they were formed from marine deposits, that they 
were not subject to severe coastal wave and wind 
action.” The distinctness of the two associations 
was demonstrated on page 104 of the same study 
where they were shown to be fire climaxes on two 
separate psammoseres. Kurz in his excellent work 
on “Florida dunes and serub” is of the opinion that 
Norfolk soils (in the then more generalized sense) 
supporting turkey-oak* can by leaching, be trans- 
formed to white surface sands which will then sup- 
port scrub. His theory is logical, but does not fit 
any observations in the numerous examples about to 
be discussed. 

The occurrence of a white ring of surface sands 
around Red Hill at about the 150-160-ft level is ex- 
plainable in terms of shore line factors of the Okefe- 
nokee sea. On the hill above, orange sand within a 
few inches of the surface, as orange as any Lakeland 
sands, does not make it seem possible that this older, 
longer emerged orange sand would not have been 
more leached by rains. Because of its very coarse 
texture this sand should permit leaching at a much 
faster rate than the finer sands of the majority of 
Lakeland soils; yet it has remained orange within a 
few inches of the surface. 

Kurz mentioned that the boundaries between sand- 
hill vegetation and scrub are often very sharp. 
Would this be the case if a gradual process like 
leaching were responsible for the generally sharp 
differences observed in soils and the plant species 
occupying them? 

There are many areas where typical scrub species 
are intermingled with a predominately turkey-oak/ 
longleaf-pine flora, and vice-versa, but in most cases 
the blending of the associations can be more logically 
explained by a mixing of the soils of the two com- 

* Kurz uses the name black-jack for Q. laevis. His 
use of the term ‘‘Sandhills’’ is essentially synonymous 
with my Longleaf-pine/Turkey-oak Association. 
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munities as exemplified by the situation described 
in the Ocala National Forest. 

At Welaka, sand pine has invaded longleaf-pine/ 
turkey-oak but only after this stand had been kept 
fire-free for over 20 yrs. Turkey oak woods else- 
where have in the past been subject to nearly annual 
fires. Sand-pine cannot tolerate fire, which occurs 
much less frequently in the scrub. Harper (1915, 
1927) pointed out that, mainly because of the sparsity 
of wiregrass and other grasses, scrub burns only 
about once in a generation. The same is true of 
rosemary (Ceratiola ericoides), frequently considered 
a typical scrub species. It is often present in some 
of the poorer turkey-oak sites, which because of their 
sterility, do not support enough wiregrass to carry 
fire, either very often or of great severity. 

Another observation refuting the seral relation- 
ships of serub and sandhills vegetation and substan- 
tiating the contention that they are both fire climaxes 
on sands of different origin was made at a new and 
as yet sparsely vegetated cut on U.S. 27 about 3 mi. 
south-southeast of Avon Park, See. 34, T-35-S, R- 
28-E, of the S.W. Lake Arbuckle Quadrangle. 
Toward the north end of this cut white sand extends 
from about the hill’s surface down to the road 
shoulder 6 to 8 ft below. A layer of yellow sand 
extends in an upward slope from this point south- 
ward reaching the surface near the south end of the 
eut (Fig. 14). These sands have almost identical 
separates (Graph 3, Figs. A and B). While the vege- 
tation on the soil above the eut has been severely 
eutover and burned, it is sufficient to show that the 
deep white sands support a few sand pines, while a 
few hundred feet west of the cut on the south end 
of the ridge there are turkey oaks but no sand pines. 
This ridge has an elevation of 160-170 ft. The white 
sand is obviously of dune origin, blown over the 
older yellow sands. 


Scrub 


Sandhill 
Vegetation 












Yellow 
Sand 








Surfoce of U.S. 27 _——>> N 
Fig. 14. Diagram of a recent road cut about 3 mi. 
south of Avon Park showing relationship of white dune 
sand overlying the older yellow sand. 


Smith (1939, 1940), who worked largely on fixed 
dunes in western Kansas, states that backset bedding 
(the trapping of sand by vegetation and backing it 
up windward) is much more common than foreset 
bedding (the trapping of sand on the lee side or slip 
face of the dune). The trapping of the white, wind- 
blown sand on the windward face of this hill seems 
much more likely than its accumulation on the lee 
side, and this method of formation fits with the de- 
termining wind direction as deduced from dunes as- 
sociated with the Pleistocene shore lines of the region. 
It seems probable that the strongest winds of Oke- 
fenokee time would have been from the east-north- 
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east along the eastern shore as they are today (see 
p. 366). Therefore, the deposit of white sand is al- 
most certainly a dune associated with the Okefenokee 
shore. If the white sands so often associated with 
serub were the result of leaching, as proposed by 
Kurz, would not the white sand profile follow the 
surface contour of the land, especially since there 
is no appreciable difference in the size of the soil 
separates ? 

Still other evidence supporting the contention that 
scrub occupies only very strongly wave- and water- 
sorted sands or dune sands, either recent or ancient, 
is available in published mechanical analyses of Lake- 
wood and St. Lucie soils. Unfortunately, few ex- 
amples of these agriculturally poor soils, have been 
so studied. However, on page 52 of Gammon et al. 
(1953), one analysis of each of these soils shows 
that between 70% and 80% of the sand falls in the 
fine sand class, with less than 1% clay even at 42 in. 
in the Lakewood example.* Lakeland, the soil most 
generally supporting longleaf pine and turkey oak 
(Gammon et al., pp. 48-49), averages between 40% 
and 50% fine sand, except for one sample in which 
fine sand composed about 65%, but there is a con- 
siderably greater clay content than in the Lakewood 
and St. Lucie samples. Maximum sorting is to be 
expected in wind-blown sands, while various degrees 
of sorting are to be expected by waves and currents. 
Such examples may be found in other soil series in 
this bulletin. It is noteworthy that the flatwoods, 
predominately Leon fine sand, which were obviously 
sea bottoms of shallow Pleistocene seas, have as would 
be expected, the next most severely sorted materials; 
some approach Lakewood and St. Lucie in this re- 
spect (Gammon et al., p. 61). It is worth noting 
here that where drainage is sufficient, flat phases of 
St. Lucie sand occur which support serub. 

Chemical analyses, from the same source, for the 
above soil series do not appear to give significant 
differences in essential elements. Perhaps if more 
analyses from the Lakewood and St. Lucie series 
were extant some significant differences in available 
nutrients would become apparent. Surprisingly, it is 
necessary to go back to Harper (1921) for data on 
the amounts of essential elements in scrub soils but 
as they are of almost no agricultural value, soil scien- 
tists, have neglected a comprehensive study of these 
poor soils. Harper’s finding (op. cit.) is that the 
lower potassium content of a scrub soils is the major 
chemical difference between them and those of the 
sandhills. The slight differences in water-holding 
capacity, as mentioned by Mulvania (1931) and Gam- 
mon et al. (op. cit.) seems not to be an important 
factor as some scrubs (See Graph 3, C, D, E) are 
on fine sands with fair water retaining power while 
some longleaf-pine/turkey-oak stands (Graph 3-A, 
Graph 1, B, G), oceur on much coarser sands with 
poorer water-holding capacity. 

* Mechanical analyses of two unpublished Lakewood 
profiles in Sarasota Co., supplied by Mr. R. G. Leighty, 
of the Fla. Ag. Exp. Sta., both showed between 70% 
and 75% fine sand and only about 1.5% elay. 
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Kurz (1942) is rather inconsistent in his dis- 
cussion of the seral relations of serub in other re- 
spects. On page 53, he has a hammock of magnolia, 
red bay, holly and pig-nut succeeding scrub; on page 
57 he implies a similar event; on pp. 69, 84, 90 ete., 
he describes “dune hammock.” In all these eases he 
is referring to succession on coastal dunes but in 
writing about the scrubs of the central “ridge” he 
speaks of them as “physiographic serub climaxes” 
(page 143). There are numerous examples of in- 
terior scrubs which, when protected from fire, are 
rapidly becoming, or have become, hammock. The 
Florahome serub, in the middle of the Town of Flora- 
home, Putnam County, Florida, is an excellent exam- 
ple of one that is rapidly becoming hammock since 
protected from fire. The center of this scrub has an 
elevation a little above 130 ft. The predominately 
quite fine sands here (Graph 4, Fig. A) were probably 
washed and sorted by the Okefenokee sea. The some- 
what lower elevations of less severely washed sands 
are occupied predominately by sandy hammock. The 
dominant species of tree in this serub is sand pine. 
The understory is made up of such typical serub 
species as Quercus myrtifolia, Q. v. maritima, Gar- 
beria fruticosa, Ilex ambigua, I. cumulicola, Q. chap- 
manii, along with more ubiquitous species such as 
saw-palmetto, dwarf sumac, Xolisma ferruginea, 
Erythrina herbacea, Callicarpa americana, Prunus 
serotina, persimmon, Smilax auriculata, Muscadinia 
sp., Decachaena sp., but some large laurel oaks, red 
bays and Smilax pumila are of definite hammock 
affinity. Only one turkey oak was observed and no 
longleaf pines are evident. The soil profile is 0-4” 
grey, slightly darker at the surface, 4-24” yellow, 
with a slight mottling of darker, orange-yellow 
splotches, and the texture is mainly quite fine sand 
(Graph 4, A). 

Kurz has ignored fire as a factor in the perpetua- 
tion of serub, yet my opinion is that fire (on the 
nutrient-poor, strongly-water-washed and/or wind- 
sorted sands) is the prime requisite for the occurrence 
of serub, and for its maintenance. 

Still another point of view eoncerning the rela- 
tionship of serub and sandhills was given by Miller 
(1950). His thesis is that “Sand-Pine Scrub com- 
munities appear to be predecessors of ‘High Pine- 
Turkey-Oak’ on inland sand deposits of Central 
Florida.” His principal line of reasoning seems to 
he that since most scrubs are at lower elevations than 
most sandhills, the serub is more recent; hence, given 
more time, what is now scrub would probably be- 
come sandhills. But he fails to explain why many 
very typical sandhills bearing longleaf-pine/turkey- 
oak occur at elevations of only 25 to 30 ft, and many 
serubs formed on shore lines of the Okefenokee sea 
(160 ft elev.) show no indication of becoming long- 
leaf-pine/turkey-oak. He also shows (Plate XVI) 
that at 6 different stations with elevations varying 
from 150 ft to 25 ft, the “cumulative specific surface 
coefficient” of the soil decreases with age due to 
eluviation and other soil forming processes. To give 
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this theory a shred of credence one would have to 
assume that the parent materials were the same at 
all of his stations. Yet his lowest station (25+ ft) 
at Crows Bluff bordering the St. Johns River and his 
next to the highest, 100 ft in the Ocala National 
Forest, both occupied by scrub, are as far as the 
surface sands are concerned, of the same age, Pam- 
lico (See Fig. 7 and discussion pp. 377-378). Inasmuch 
as his soil samples went down to 72 in. at the 100 ft 
station he probably hit some gravel of the underlying 
“Citronelle” or possibly hit some silts or clays at 
Crows Bluff. Perhaps both factors were involved. 
At any rate he avers his findings show that in a given 
area, High Pine Turkey-Oak at an elevation of 150 
ft in the Ocala National Forest having a lower 
“eymulative specific coefficient” than serub at 100 ft 
in the same forest, is older than the scrub and there- 
fore succeeds it. 

The correct explanation for the finding of coarser 
soil particles in the higher longleaf-pine/turkey-oak 
soils of the Ocala National Forest can be determined 
in the light of the east-northeast winds that blew 
during Pamlico time, clearly shown by the dunes of 
this age in air photo (Fig. 7), and soil analyses (Figs. 
F, G, H, and I of Graph 1). The Lisk Point dunes 
at the eastern edge of the Forest are over 90% 
medium and fine sand with no fine gravel (Graph 1, 
Fig. F). Riverside Island (Graph 1-G), represents 
a high exposure of weathered “Citronelle,” suporting 
longleaf-pine/turkey-oak, and contains about 4% fine 
gravel and over 15% coarse sand. The scrub 0.1 mi. 
north of the Central Tower, and about 11 mi. S.W. 
of the Lisk Point Dunes (Graph 1, Fig. H), with 
some coarse gravel, 3% fine gravel and over 10% 
coarse sand, is obviously a mixture of the finer dune 
sand and separates derived from the “Citronelle” 
underlying this site at a depth of only a few feet. 
The scrubs still further from the Pamlico shore near 
Eureka (Graph 1, Fig. I), is again lacking in the 
coarser elements, too heavy to have been picked up 
by wind, from the weathered “Citronelle” and is also 
lower in the finer ones, silt and clay, as these have 
blown past. While this series of soil separates is not 
in direct line with the wind, the weathered “Citro- 
nelle” intervenes between the Pamlico shore and the 
scrub near Eureka and a similar series of soil sepa- 
rates would doubtless result. 

Miller also states that the sandhills east of the 
Bronson Searp, which now support longleaf-pine/tur- 
key-oak, are ancient dunes of early Pleistocene age 
and may have supported scrub similar to that now 
present on the late Pleistocene dune near Sumner, 
briefly discussed on page 368 of this paper. As the 
elevations of these sandhills average around 100 ft 
and rarely reach 130 ft they could not be “dunes” 
older than of Sangamon time. By no stretch of the 
facts could these be considered early Pleistocene. 
Careful examination of the Bronson Quadrangle N.E. 
(Fig. 15), fails to show any semblance of dune topog- 
raphy in that there are a few more or less round 
ponds in some of its lower portions. Many rounded 
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depressions exist above the water table, but there 
are no parallel ridges and depressions. Miller gives 
mechanical analyses of both the soil of the Sumner 
scrub and the sandhills about 2.5 mi. west of Archer. 
These figures are quite similar except that the latter 
contains some silt and clay even though only averag- 
ing about .05%. He records .00% in the Sumner 
serub. 

The deep Lakeland sands supporting the longleaf- 
pine/turkey-oak can only be entirely of marine origin, 
perhaps more strongly sorted by ocean currents than 
most, and therefore lower in clays and silts and 
hence poorer in mineral nutrients than most sandhills, 
but definitely higher in these respects than the ob- 
viously dune sands of the Sumner scrub. The rolling 
topography of these sandhills is due mainly to solution 
of the underlying limestone rather than to dune origin. 

Miller, in the relatively few scrub and sandhill 
soils which he analyzed, found the soils of the serub 
to be finer and to have a higher moisture equivalent 
and wilting coefficient than the sandhills, in spite of 
the fact that he found appreciably higher silt and 
clay contents in the sandhill soils. Had he sampled 
more widely, particularly in the scrubs in southern 
Highlands County (Graph 1, A, C, D, E), he would 
have found scrubs on much coarser sands than are 
commonly encountered in sandhills, and would not 
have found any effective difference in the physical 
properties of the soils of the two communities ex- 
cept for the generally higher silt and clay content 
of the sandhill soils. His findings, plus those pub- 
lished by Gammon et al. (1953), show that the Nor- 
folk, Lakeland and Blanton soils, the principle soils 
supporting longleaf-pine/turkey-oak, have consist- 
ently higher silt and clay and clay content than the 
Lakewood and St. Lucie soils which support serub. 
This bears out the contention that nearly all serubs 
are of dune or strongly wave and current-washed 
and sorted origin since these factors will separate 
most of the silt and clay from the sand. This, plus 
the fact that the longshore eurrents of ancient and 
present shore lines have already done a pretty thor- 
ough sorting, means that dunes generally are of nearly 
pure SiQs. Even after eons of time no appreciable 
amount of clay could weather from such deposits. 
Most of the longleaf-pine/turkey-oak soils have 
weathered from marine deposits and have the red, 
sandy clay within 3 or 4 ft of the surface, a condi- 
tion completely incompatible with any possible dune 
origin. The rolling topography of these sandhills 
is in most cases due to solution of the underlying 
limestones, which gives the roundish lakes with steep 
sloping sides so characteritic of the great citrus lands 
in Polk, Orange, Lake and Highlands Counties. The 
original stands of longleaf-pine/turkey-oak that 
covered these sandhills have been almost entirely re- 
placed by citrus groves. 

The sandhills, with a deep layer of sand (deep 
phase Lakeland soils) such as those between Archer 
and Bronson, are more strongly washed and sorted 
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Fic. 15. A portion of the Bronson N.E. Quadrangle. The Bronson Searp, an abrupt drop to the flat- 
woods at about the 65-70 ft. elevation, is about 1 mi. to the left of the western portion of this figure. 
While a general northeast-southwest axis is evident in the higher hills to the northwest and southeast 
corners, most of them in the central and northeast corner are at right angles to the axes of the former. 


If any dune pattern ever existed here, which is doubtful, it has been obliterated by karst topography as 
evidenced by the roundish depressions occurring throughout. 

















by marine waves and currents and have had much scrubs on coarse sands, but given freedom from fire 

clay removed by these factors. and a few hundred years, even the most sterile scrub 
It is to be expected that scrubs on fine sands will at least reach a xeric, live oak hammock stage. 

would be succeeded by hammock more rapidly than Little credence can be given to the idea expressed 
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by Whitney (op. cit.), that scrub and sandhill vegeta- 
tion occur where they do entirely by chance, since 
the whole flora of these two communities is so con- 
sistently and completely different. Would chance 
allow only seed of scrub species to fall only on the 
more strongly wave-washed and wind-deposited sands 
so clearly associated with the various Pleistocene and 
Recent seas? 


SOME FURTHER CONSIDERATIONS 

If consideration is given to the methods of possible 
invasion by vegetative means, particularly by rhi- 
zomes, it is apparent that many of the dominant 
species of the scrub, such as myrtle oak, forms of live 
oak, saw palmetto and Chapman’s oak spread readily 
in this manner. On the other hand, species charac- 
teristic of the sandhills, particularly woody ones, 
possess little or no ability to spread by this means. 
The scrub shrubs are evergreen and taller than the 
herbs of the sandhills. Consequently, it is logical 
to expect the serub species gradually to invade ad- 
jacent sandhills by vegetative means. By shading, 
seedlings of the dominant sandhill trees, longleaf 
pine and turkey oak, and intolerant herbs, particu- 
larly wire grasses, would be eliminated and gradually 
replaced. In ecotones between the two communities, 
small shrubs of the scrub, apparently invading the 
the sandhills are not uncommon. As noted previous- 
ly, sand pine frequently invades adjacent sandhills 
when ground fires are absent for only a relatively 
few years. It seems logical to assume that, in the 
absence of fire, a gradual invasion of the sandhills 
by scrub species would result. 

The almost annual burning of the sandhills by 
man, both white and Indian, and the frequent burn- 
ing of the ecotone and periphery of scrubs bordering 
them has been enough to hold the serub in check dur- 
ing historic time. While fires were doubtless not as 
frequent in pre-historic time as today, those started 
by lightning were much more extensive and apparent- 
ly sufficient to hold the serub at bay. 

That there has been no appreciable invasion of 
the sandhills by serub since the white man has come 
to Florida is evidenced by the complete absence of 
remains of longleaf pines. Although its heartwood 
stumps and knots are almost impervious to decay 
and attacks by termites and almost completely re- 
sistant to woods fires, they are never found even in 
the periphery of scrubs abutting sandhills. Evidence 
of the extreme spatial stability of these communities 
has previously been discussed; the serub oceurring 
only on sterile sands associated with features of 
Pleistocene and Recent seas. 


FLORAL RELATIONSHIPS 
The kinship of many of the woody species of the 
scrub is much closer to species of the xeric and mesic 
hammocks than to those of sandhills. In fact, the 


taxonomic status of some scrub and hammock forms 
has been confused. 


Q. v. 


For example Q. virginiana and 
maritima cannot always be clearly separated. 
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These field studies have led to questioning the distinet- 
ness of the scrub species Tamala humilis and the ham- 
mock species 7. borbonia and the suspicion that they 
are ecotypes of the same, perhaps heterogenetie spe- 
cies. The difference between the two is mainly that 
the leaves are smaller and lusterously pubescent be- 
neath in 7. humilis. One has but to observe a specimen 
of Magnolia grandiflora to see that differences of this 
nature are often entirely a matter of environment. 
The leaves at the top of a tree, being exposed to 
stronger light and wind, are smaller than the shaded 
leaves below and the lower, more protected leaves 
are glabrous in contrast to the red pubescent under 
surfaces of those above. The specific distinctness of 
Tlex opaca, of hammocks, and I. cumulicola, a scrub 
species, seems equally dubious. Reciprocal trans- 
plants of such doubtful species should lead to more 
definite conclusions. 

The spruce pine, P. glabra, characteristic of ham- 
mocks, appears to be closely related to the sand pine 
of the scrub. Both myrtle oak and Chapman’s oak, 
so typical of serub, frequently reach their best de- 
velopment in xeric hammocks, many of which doubt- 
less developed from serub. A host of shrubs, largely 
evergreen in nature, such as Batodendron, Ilex am- 
bigua, Amarolea, Xolisma ferruginea, Polycodium 
floridanum, Ximinia, ete., are about as characteristic 
of xeric hammocks as they are of scrubs. 

Inasmuch as the oldest scrubs observed are not 
much older than mid-Pleistocene, while related ham- 
mock species are probably much older, it appears 
that many scrub forms have been derived from the 
former. The doubtful distinctness of some related 
forms gives evidence of their comparatively recent 
divergence. 


SOME PHYTOGEOGRAPHY 

While a considerable number of Florida endemics 
and near endemies are scrub species (Neill 1957), one 
might justly wonder why there is not more local 
endemism since serubs are generally quite disjunct, 
often being separated from one another by 50 mi. or 
more. The floristic similarity of serubs has been dis- 
cussed (p. 361). In the light of the usual means of 
dispersal, wind for sand pine, mammals such as 
squirrels for acorns of the characteristic scrub oaks 
ete., it would seem unlikely that such floristic uni- 
formity would be possible in the comparatively short 
time that many scrubs have existed—especially when 
one considers the barriers between them. Some would 
argue that this is evidence of a former much wider 
and uniform distribution of the scrub. In the light 
of the conclusion that scrubs are associated only with 
certain features of the various Pleistocene sea levels, 
this theory is untenable. Transport of fruits and 
seeds by animals seems a more likely explanation. 
Deer are known to browse on most serub species, and 
being ruminants, they may earry acorns, whole fruits 
of bumelia, silk-bay, serub-holly, ete., for considerable 
lengths of time unmasticated and unharmed. It is 
not at all improbable that viable seeds might thus 
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be deposited in sandhills, even 50 mi. from their 
point of origin, after a chase, as by wolves. The 
markedly homogenous nature of the scrubs seems 
most likely related to dispersal of this nature. 

Certain rather rare scrub endemies such as Cy- 
rilla arida, Prunus geniculata, Dentoceras myriophyl- 
lum, Delopyrum basiramia, Sanidophyllum cumuli- 
cola have not, for reasons uncertain, spread far from 
their probable center of origin, the dunes and beaches 
back of the Okefenokee shore lines of the Lake Wales 
and associated ridges (Fig. 3). It seems highly un- 
likely that edaphie and/or climatic conditions have 
been the limiting factors but more likely that suitable 
means of dispersal were lacking, at least for the small 
seeded forms. 


SUMMARY AND CONCLUSIONS 

1. Most of the unconsolidated silicious sands and 
clays of peninsular Florida were transported from 
the Appalachians and the Piedmont of the Carolinas 
and Georgia. Easterly flowing rivers of these states, 
such as the Savannah and the Altamaha, carried 
these materials to the Atlantic, probably during the 
Pleistocene. The generally southerly longshore cur- 
rents of this period transported the sediments to the 
peninsula. Where these deposits were well drained 
they developed into the soils supporting sandhill and 
serub vegetation. 

2. Some of these deposits were severely washed 
and sorted both by water and wind, leaving little 
but silicious sands. Such deposits oceur where they 
would be expected in the light of well-established 
Pleistocene shore lines and likely wind and current 
directions. 

3. All of these extremely strongly washed and 
sorted deposits are occupied by serub vegetation 
where drainage is good, or by hammock where fire 
has been exeluded or minimized. 

4. Most of the other well-drained deposits, less 
severely washed and sorted, are occupied by sandhill 
vegetation (Longleaf-pine/Turkey-oak Association). 

5. There is no successional relationship between 
serub and sandhill vegetation as borne out by the 
fact that shore line features formed at least as far 
back as mid-Pleistocene support scrub, while older 
deposits both above and below the influence of Pleis- 
tocene seas support sandhill vegetation. In other 
words the position of these two communities has re- 
mained static for hundreds of thousands of years. 

6. Other ecologists who found examples of mix- 
tures of scrub and sandhill vegetation and who in- 
terpreted them as giving evidence of succession, were 
in fact, observing either (1) areas where severely 
washed and sorted sands had blown over and partially 
mixed with older, less strongly washed and sorted de- 
posits which normally support sandhill vegetation, 
or (2) situations where the original deposits were not 
quite subject to enough washing and sorting to sup- 
port a true scrub. Rarely, if ever, have the parent 
materials been so coarse as to permit sufficiently 
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severe leaching to allow scrub species to invade the 

sandhills, unless they were protected from fire. 

7. On circumstantial evidence is is concluded that 
the tremendous contrast in the flora of these com- 
munities is related largely to nutrition, and that a 
certain element is, or particular elements are, lacking 
in the severely washed and sorted sands supporting 
scrub. There is no other apparent explanation, 
Published soils supporting these two 
communities are rather inconclusive in this regard, 
partially because too few complete chemical analyses 
are available for 

It is likewise evident that many of the soils sup- 
porting scrub, or vegetation predominately of that 
nature, cannot be clearly classified into any of the 
soil series now recognized. This difficulty is under- 
standable in the light of the mixing, partial washing, 
and sorting of the parent materials. Complete verifi- 
cation of the importance of the nutritional factor in 
the origin and maintenance of scrub must await thor- 
ough quantitative chemical analyses of soil samples 
obtained from many pairs of adjacent scrub and 
sandhill areas. 

8. Serub and sandhill vegetation represent the 
two most prevalent well-drained sub- or fire-climax 
communities in peninsular Florida. Each in the ab- 
sence of fire would eventually, and often very rapidly, 
be succeeded by predominately evergreen hardwood 
tree communities, known in much of the Southeast, 
as hammocks. 
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